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SUMMARY

Due to the high support costs, increase in aircraft down time and hazards associated with the
utitization of liquid oxygen, development has been progressing with On-Board Oxygen Generation
Systems {OBOGS) which have the capabiiity of providing an aviator's breathing gas of sufficient
quality and quantity. An Oxygen Enriched Air System (OEAS), eimploying the molecular sieve
concept, has been subjected to environmental test anq evaluation by the Naval Air Development
Center. The OEAS contains a molecular sieve oxygen ‘concentrator, breathing regulator and per-
formance monitor, The test and evaluation program was conductec! to verify that design criteria
have been met and to establish system performance in the environmaents anticipated on the AV-8A
“Harrier’* and other tacticel aircraft. The system has successfully demonstrated the ablility, under
certain conditions, to provide a breathing gas composed of 95 percent oxygen and b percent argon.
It will also provide adequate amounts of breathing gas and sufficient oxygen concentrations for a
ona or two man open loop breathing schedule. Concentrator anomalies have occurred during the
program with control electronics and lubricants within the unit. Redesign of the breathing regulator
is necessary to insure compatibility with lox systems and in providing a greater gas quantity during
ground idle conditions. Redesign of the performance monitor Is necessary to withstand environ-
mental conditions anticipated In sarvice use. Prior to future aircraft incorporation, design studies
must pay consideration not only to bleed air pressure availabilities, but also to temperatures which
may degrade system petformance.
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INTRODUCTION

Development has been progressing on On-Board Oxygen Generation Systems (OBOGS) which
have the capability of meeting the physiological requirements of & ona or two man open loop
breathing schedule. The utilization of such a system will result in safer operating conditions due to
the removal of liquld oxygen (lox) and its associated handling and storage hazards, improved
afficiency with reduced aircraft down tima, and substantial space and doflar savings resulting from
the elimination of generation and storage equlpment required by lox systams. With the evolution of
vartical/short takeoff and landing (V/STOL) aircraft, deployment on board non-aviation (amphib-
ious assault) ships without lox services and independent of carrier or shore base support is greater
realized with incorporation of an OBOG system, The uitimate Navy objective is incorporation of
OBOGS in all high performance tactical aircraft,

Farly investigations under a joint Navy/Air Force development program dealt with systems
capable of generating 99.5% oxygen, A fluomine sorbent process of chemical adsorption/desorption
through cyclic variation of pressure and temperature, and water electrolysis were initially explored
as viable generation methods. Parallel to this effort, the Navy had also investigated, under the spon-
sorship of the Naval Air Systems Command (AIR-340B and AIR-631), the molecular sieve concept
of adsorption/desorption of nitrogen from pressurized air, All three systems were subjected to func-
tional and environmental testing at the Naval Air [Development Center, The fluomine and molacular
siave systems successfully passed this phase of the program and were subsequently flight tested on
board an EXCAP EA-BB “Prowler'’ at the Naval Air Test Center under the auspices of the Pacific
Misslie Test Center. Although providing a breathing gas contalning @ maximum of 94-95% oxygen,
the decision was made by the Navy to pursue the molecular sieve concept which showed tremen-
dous advantages in system simplicity, weight, resources required, and aircraft modification/installa-
tion. The concept has also been proven physiologically acceptable under extensive ‘man rating’
tests conducted by the Naval Aeromedical Research Laboratory and Air Force Schoo! of Aarospace
Medicine.

An Oxygen Enriched Air System (OEAS), employing the molecular siave concept, has been
developed, under the sponsorship of AIR-631, for incorporaiion on board the AV-BA ‘Harrier’.
The Harrler (Figure 1) is a single cockpit, tactical fighter, the first in the V/STOL generation of air-
craft currently operational, An AV-8A has been modified for OEAS incorporation with subsequent
Technical Evaluation conducted by the Naval Air Test Center. A six month Qperational Evaluation
with six OEAS incorporated aircraft will follow.

The purpose of this report is to document developmental/qualification testing of the Oxygen
Enriched Air System. The tests, conducted in the Environmental Test Facilities of the Naval Air
Development Center, Naval Air Test Center, and Dayton T. Brown, Inc., were made in order to ver-
ify that design criteria have been met and that the components of the OEAS will not present any
hazard to personnel and/or aircraft while in operation.
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The Oxygen Enriched Air System (QEAS) is an on board aircraft, self-contained system
which provides an oxygen enriched breathing gas to the aircrewman, The OEAS was manufactured
by the Bendix Corporation, Instruments and Life Support Division, Davenport, lowa, under
NAVAIRDEVCEN contract N52269-78-C-0128., The system consists of three components —
Molecular Sieve Oxygen Concentrator, Breathing Regulator, and Performance Monitor. Figure 2
below shows a simplified schematic of how the OEAS functions when installed in the Harrier air-
craft. Compressed engine bleed air from the 8th stage manifold is passed through a heat exchanger
to the Molecular Sieve Oxygen Concentrator. The oxygen enriched output then passes through the
existing aircraft tubing to the aircraft mounted Breathing Regulator, then to the mask. A sample
of the breathing gas is supplied to the partial pressure oxygen sensor (Performance Monitor) to
monitor the gas and provide a warning signal when oxygen concentration falls, approaching min-
imum physiological requirements. A detailed description of all components Is presented in the sec-
tions that follow.

HEAT EXCHANGER

OXYGEN
MONITOR
:
I
-d
2 CONCEN-
&
SEAT KIT WITH ﬁ
EMERGENCY & NITROGEN OXYGEN
OXYGEN AND _ o EXHAUST ENRICHED
REGULATOR OUTPUY
AIRCRAFT
MOUNTED TEST

REGULATOR PORT

—

EXISTING ~ 30" — 5/16 TUBING

Figure 2 — Tne On Board Oxygen Generation System for AVBA Aircraft
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OEAS MOLECULAR SIEVE OXYGEN ( 'NCENTR+,0R

The molecular sieve oxygen coneentrator, ‘N 3261009-0105, (Figures 3, 4, %, 8) Is a self-
contained unit, capable of providing the breatning supply requiremunts for a one 1 'n open loop
breathing schedule. Designed for direct replacerrient of a B liter lox converter, the «.:It has dimer,
sions of 12.97 in. wide by 10.2 In, high by 10.7 in. deep and weighs 41 pounds. Anh overall sizu
comparison ot the unit with 5 and 10 liter lox converters Is presented in Figure 7,

The unit contains 2 beds, each containing approximately 11 pounds of crystalline alumin..
silicate pellets (Figure B) containing pores 5A in diameter. Nitrogen molecules are preferentialiv
ahsorbed by the peliets from a pressirized proocoss airstream, leaving the effivent yeas enriched in
oxygen and argon. Since the adsorption process rataina molecules by strong physicsl forces ratlier
than chemical bonding, no heating or cooling Is requirerd for oxygen concentratior. The pregsur:
swing cycle, wheraby the beds are alternately pressurized and purged to amblent pressure provides
the driving mechanism for the adsorption and desorption processes. When the adsorbed nitrogen is
desorbed by reduction in pressure, it leaves the crystal in the same chemicul state as when It enter-
ed, so the adsorption and desorption processes are considared complstely raversible,

Referring to the system schematic of Figure 8, pressurized air (8 to 2560 psig, O to 260°F.) is
admitted to the beds via the following:

Air Heater: Two resistanne heaters are employed as part of the thermal control system, re-
quired for delivery of adequate oxygen concentrations during operation with low ambient
and inlet air tamperatures. This system Is necessary, as low temperature adversely effects unit
performance due to changes in adsorption capacity and nitrogan/oxygen se'sotivity, The
thermal control system also employs, as presented In the schematic of Figure 10, an air temp-
erature sensor and a temperature sensor, second temperature controller, solenoid valve, and
heated air diffuser for control of air temperature inside the insulating shroud (a release of ap-
proximately 26 Ipm of heated air), The inlet air heatar will maintain a constant inlet air temp-
grature (to the beds) of 110-115°F, An inlet air temperature of 76-80°F will raquire inter-
mittent operation of heater 1 only, while an inlet ali' temperature of 0°F will require full
operation of both heaters. Designed to operate when supplied with 18-29 VDC in accordance
with MIL-STD-704B(20), maximum air heater power consumption is 618.5 watts (10.83 amps
for each heater at 29 VDC).

Air_Filter: A coalescing filter is incorporated for removal of both particulate matter and
liquids including aerosol mist particles. Liquid and/or mist will be drained immaediately

through o bleed port in the bottom of the filter housing. Particulate matter will remain en-
trained in the filter cartridge.

Pressure Reducer: A pressure reducer is included to limit air consumption, which increases
with pressure, and to prevent excessive pressures to the beds, unit plenum/plumbing, and
breathing regulator. The reducer wiil begin regulating at an inlet pressure of 26 psig and re-
duce linerally until outlet (bed Inlet) pressure is 67 psig with an inlet of 250 psig.
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Figure 4 — Molecular Sieve Oxygen Concentrator (Shroud Removed)
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Figure 5 — Molceular Sieve Oxygen Concentrator (Bottom Viow)
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Control Valve: The rotary control valve rotates continuously in one direction during opera-
tion and cycles or alternates the adsorption and desorption processes in the two molecular
sleve beds. The rotary valve consists of a contoured rotating disk and a ported stationary disk
both inside the main valve housing. The motor-reduction gearhead output shaft drives the ro-
tating valve disk at a constant speed of 6 revolutions/minute. The rotating disk slides on the
stationary disk to port the inlet air to the pressurized bed and simultaneously vent the other
bed to ambient pressure. With a constant speed of 6 rpm, a nitrogen enriched bed purge
occurs once every b seconds. The drive motor operatas from nominal 400 cycle power pro-
vided by an integral inverter which operates with 18 to 29 volts DC, The drive motor, control
electronics and solenoid are all on the same circuit.

A pressure rellef valva is also included in the rotary valve housing to protect the beds, plenum
and breathing ragulator from excessive pressure in the event of reducer fallure. The relief
valve has a crack pressure of 78.6 psig and a fully open pressure of 87 psig.

The flow from the pressurized molecular sieve bed during adsorption passes through a check valve
into the plenum (approximately one liter volume) and out through a 0.6 micron filter as an oxygen
enriched product. A portion of the product gas is passed through a purge orlfice (that drops the
pressure) and into the downstream end of the second bed for regeneration.

OEAS BREATHING REGULATOR

The OEAS Breathing Regulator, P/N 3260014-0201, is presented in Figure 11, The need for
a speclal breathing regulator as an integral part of the OEAS has arisen due to (1) changes in the
positive pressure breathing schedule required to maintain the alveolar oxygen partisl pressure at
physiologically acceptable levels due to the use of 84-95 in lieu of 100% oxygen and (2) regulator
supply pressures are typically lower than the 40 psig minimum required by standerd miniature
roegulators. The regulator Is an automatic, pressure breathing type which provides, on demand,
breathing gas to the A-13A mask {(or aquivalent), The main feature incorporated (Figure 12) within
the ah:minum alloy body Is a balance demand valve coupled with a large area breathing disphragm
for operation with low inlet pressure. Designed to operate with a minimuim inlet prossure of 6 psig
at sea level and 15 psig at 30,000 feet or above, outlet pressures will fall within the limits presented
in Figure 13, which shows the deviation with positive pressure breathing supplied by standard 100%
oxygen chest mounted (miniature) regulators. Outlet flow is limited to 50 Ipm at b psig and 8O Ipm
at 10 psly. I-lows exceeding these values will result in negative (suction) pressures in the mask.

The regulator was initially designed for chest mounting on the MA-2 torso harness or SV-2
survival vest, used in conjunction with East/West Industries mounting bracket assembly kit
237C100-3. From Figure 14 it can be seen that the 9 ounce OEAS regulator (3.8 in. x 2.8 in. x
1.7 in.) is similar to the Bendix Type 3260002-0301 Diluter Demand Regulator (right) presently
used on the AV-BA with respect to volume, inlet/outlet ports and mounting configuration. Since
the rerouting of standard breathing gas supply lines with aircraft modification (to be discussed
later), the regulator is now airframe mounted. While the basic design of the regulator remains in-
tact, modifications were made to both the aneroid assembly and mounting bracket to withstand the
vibration environment anticipated, Outlat pressures were also raised in order to overcome the pres-
sure drop associated with the personnel hose assembly and still fall within the limits of Figure 13.
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OUTLET PRESSURE (INCHES OF WATER)

NADC-81198€0
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Figure 13 — Breathing Regulator Qutiet Pressure Limits
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OEAS PERFORMANCE MONITOR

The OEAS Performance Monitor, P/N 3270016-0301, was manufactured both by the Bendix
Corporation and by Beckman Instruments, Inc, The monitor (Figures 16 and 16) has dimensions
of approximately 3 Inches by 3 inches by B inches and weighs one pound. Designed for airfrume
mounting within the aircraft cabin, the monitor continually receives a small sample of the oxygen
enriched air being dellvered to the aircrawman from the oxygen concentrator, and activates a warn-
ing light when the partial pressure of oxygen falls to 220 mm Hg. Figure 17 shows the warning light
activation point at altitude. Under normal operation, the oxygen concentration delivered by the
OEAS will be above this point.

Referring to the system schernatic of Figure 18, the sample gas passes through a flow control
orifice (limitad to 1.0 Ipm @ 25 psig) before passing across the oxygen sensing slement and venting
to the cabin. The compsensating aneroid/valve mechanism is employed to maintain a constant abso-
lute pressure equivalent to 28,000 feet in the sensor cavity to prevent a false warning signal in the
event of the loss of cabin pressurization above 28,000. {The warning signal would be activatsd at
approximately 30,600 feet even with 100% oxygen). A built in test, press-to-vent button is also
incorporated to test the monitor during flight. By depressing this button, the inlet supply gas is
directed away from the sensing element and, through a venturi effect, ambient (cabin) air is drawn
through the vent port and across the sensor, activating the warning light.

The sensing slement employed (Figure 19) is a polarographic type, which contains a gold
cathode and silver anode immersed in a gel electrolyte sealed permanently In place with a Teflon
membrane which is permeable to oxygen. A polarizing voltage applied between these two electrodes
results in a current flow which becomes directly proportional to the oxygen partial pressure to
which the sensor is expased.

The electronic module consists of a power supply, amplifiers, a potentiomaetsr to permit gain
adjustment during routine calibration and after sensor replacement, and a small connector contain-
ing aircraft power {28W @ 28V DC), alarm output signal and calibration measurement terminals.
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Figure 17 — Monitor Warning Activation Point
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Figura 19 — Polarographic Oxygen Sensor
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AIRCRAFT INSTALLATION/PERSONNEL. EQUIPMENT

The AV-8BA Harrier has been modified for OEAS incorporation by the McDonnell Aircraft
Company, McDonnell Douglas Corporation, St. Louis, Missouri, under NAVAIRSYSCOM contrect
N00019-78-G-0062. An installation overview Is presented in Figure 20, while a sahsmatic of alr-
frame modification upstream of the concentrator is presented in Figure 21.

Bleed air taken from the 8th stage of the Pegasus engine is passsd through an air-to-air heat
exchanger for reduction In typically high bleed air tamperatures which are uridesirabie both to the
molecular sieve system and for use as a breathing gas. This air is then passed through a pressura
ragulator, limiting the input pressure to the concentrator to a maximum of 28 psig. This regulator
is incorporated as a means of limiting air consumption (which incresses with pressure) and therafore
inlet air temperature (duse to flowrate reduction through the heat exchanger). Supplying blead air
at 260 psig to the concentrator will resuit in a bed supply pressure of approximately 87 psig and
flowrate projected to a result in excessive (above 260°F) inlet air temparature. Temperature switch-
es are Incorporated to provide a warning signal in the event this temperature exceeds 260°F. The
OEAS concentrator effluent gas passes through the axisting 5/16 supply line to the cabin.

Upon arrival in the cockpit, the breathing ges tirst enters a 100 cubic inch plenum, providing
resarve gas for periods when excessive breathing rates are raquired and some heat sink capability
for periods when supply gas temperatures may be excessive. A sample line tees into the supply line
downstream of the plenum to feed the Performance Monitor, which is airframe mounted.

In lieu of passing through the normal breathing gas circuit (through the Restraint and Life
Support Assembly (RALSA) and to e chest mounted regulator), the gas pusses through a modified
configuration. The new breathing ges circuit (Figure 22) has been Incorporated to improve low
bleed air pressure performance during sea level idle operation, where essentially all ragulator supply
pressure is lost. Raising the setting of either the bleed air regulator or concentrator pressure reducer
would not improve performance at low bleed prassure. The modified design utilizes a low pressure
drop line hose routing in the pilot’s personal gear. The chest mounted regulator is relocated to a
right hand Environmental Control System (ECS) panel and is now airframe mounted. The RALSA
is modified to eliminate its manifold and flow through feature and tees into the aircraft supply line.

The modified RALSA (Figure 23) incorporates an automatic, absolute pressure, 100% oxygen
regulator (3.6 ounces; 3 In x 2 in x 1.6 in). Bottled emergency gas at 1800 psig is reduced to ap-
proximately 60 psig for regulator input, which provides a breathing pressure of 2 to 20 inches of
water, depending on aititude. The outlet hose for the RALSA is routed behind the seat cushion to
the right side and to the CRU-60/P chest mounted connector. This configuration (Figura 24), here-
after referrerl to as the Personnol Hose Assembly, also incorporates a 24 inch length, 1 inch diam-
eter hase from the OEAS (primary) breathing regulator to the CRU-80/P.

On ejection, this hose disconnects at the CRU-B0/P and, along with the OEAS regulator,
remains with the aircraft. Spring stiffening was necessary to the CRU-60/P at this point to prevent
the entrance of water during underwauter breathing. Dus to the location of the CRU-80/P con-
nector on the right side uf the MA-2 torso harnaess, the AV-BA system utilizes a soft (MBU-14/P)
hose from the CRU-60/P to the A-13A mask to provide the ability of a head turn to the fur left.
Additional breathing circult modifications to minimize pressure drop inciude elimination of the
behind the seat crossover which shortens the line by two feet and Increasing the diametar of this
hard line from 5/18 0.D. to 3/8 0.D.
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TEST METHODS AND EQUIPMENT

Oxygen Concantrator

The ability of the oxygen concentrator to provide an adequate breathing gas quality was of
prime concern in the program, and was determined as a function of inlet pressure, outlet flowrate

and altitude (nitrogen exhaust pressure). Concentrator performance was also evaluated with varia-

tion in ambient and inlet air temperatura, testing not only 12 conditions anticipated on the AV-8A,
hut also to design extremes.

The test apparatus employed In this evaluation is presented schematically in Figure 26 and
pictorlally in Figure 26. Referring to Figure 25, house air (95 psig, 70 £10°F) was first passed
through a dryer and filter assembly for removal of oil, water vapor and particulate matter. This
conditioned air then passed through a diaphragm regulator for variation of inlet pressure, 4nd
through an alr heater/chiller for variation of inlet alr temperature, which along with pressure and
flowrate, was monitored continually through sach test. Nitrogen exhaust temperature, inlet air
downstream of the internal heaters, and surface temperatures of the motor and electronics module
were also monitored throughout each test. The concentrator was placed on a mounting tray, iden-
tical to that in the lox bay of the AV-8A, to obtain additional information on the ability of the
electronics module to dissipate generated heat, Three DC power supplies were employed; one for
each heater and one for the motor, solenoid and control electronics.

Enriched air flowrate was controlled via a needle valve after entering a pressure reguiator for
flow stabilization. For those conditions where a more steady outlet flow bacame desirable, a 2100
cubic inch surge tank {with gate valve) was used in place of the regulator. Flow was measured with a
float type meter, exhausting to normal temperature and pressure (14.7 psia and 70°F). A sample
of this gas (400 cc/min) was taken and processed by an oxygen analyzer. These results, which
showed a concentration of oxygen (1 percent error), were also manitored continually during each
test and recorded manually. Gas samples were also drawn at several points and analyzed through
use of a chromatograph for 8 more detailed composition breakdown.

MIL-STD-810C (17) was utilized to establish environmantal stress testing guidelines, and where
applicable, test levels for full qualification conducted. Basic testing procedure involved measure-
ment of oxygen concentration, outlet pressure, power consumption, etc. and noting any deviation,
along with any structural deformation during, as applicable, or after exposure to any environmental
stress.

A detailed description of each test is described in the sections that follow.

Breathing Regulator

The ability of the breathing regulator to provide a breathing gas of adequate quality {outlet
pressure) and quantity was of prime concern in the program. Testing was accomplished under the
guidelines of MIL-R-81653 (AS) of the regulator, modifications were made, as applicable, to the
individual tests. Safety and pressure breathing outlet pressures were determined as a function of in-
let pressure, outlet flow end high and low ambient temperature. Inlet pressures were varied through-
out the program, testing not only to those anticipated on the AV-8A, but to values below minimum
which may be encountered in future aircraft installations and to those maximums available with
standard LOX systems. Environmental stress testing was also accomplished with measurement of
outlet pressure during, as applicable, or after any environmental stress with any deviation or struc-
tural deformation noted. All testing was accomiplished on two regulators, S/N 808C10E and
81001 1E, both delivered, and subsequently modified, under contract 78-C-0128.

37



NADC-8119880

14H0d 348VS

JHNLVYHIIWIL @
JUNSIHd @

HIAWVYHD 3aNLILTY
/3HNLVYHIdNIL

N

dnewayds dn 185 153 J01BIILIIU0D uabAXQ — gz anbiy

O

HOLVINOD3y
3YNSS3dd4

svV30

oo
MONONNNNN

SOOUOMSNOONNNNN

T

1SNVHX3I TN

. 437003
/H31v3IH
HIV 13INI

mwj

HIZATVNY
44)
H3ILINMOTS
— 1no?o
HOLVYINOD3Y
HILINMO T4 JHNSSAHL
L Wiy 4
- - (i
H3173 Y314
H3AHQ
uiv
3ISNOH




i

NADC-81198-60

muwww S S

———— g e

oy W e e A A WLt Lt

2

LT R

39

ke A W et et RN T O A5 1 . oo

Figure 26 — Oxygen Concentratar Test Equipment




NADC-811968£0

All outiet pressure tests et altitude (30,000 feet or above) were accomplished utilizing National
fnstruments Test Stand, P/N OQTS-565, modified for variation of ambient temperature. During
these and all other outlet pressure tests specified herein, the outlet of the regulator remained in the
vertical position (as installed In the alrcraft) with pressures measured at the outlet ot the CRU-80/P
connector, i.e,, the personnel hose assembly itself was used in lleu of a piezometar assembly.

Specific test procedures, with any deviation to those presented in MIL-R-816563, are presented
In the sections that follow.

Performance Monitor

The ability of the performanca monitor to provide a warning signal when required was of
prime concern in tha program. Testing involved conducting individual performance tests to verify
normal cperation, environmental stress testing in accordance with MIL-STD-810C, and eiectro-
magnetic interference In accordance with MIL-STD-461(A)(18). All testing was accomplished on
two monitors, S/N 808009E and BOBO10E, both delivered under contract 78-C-0128.

The typical monitor test set up is presented in the schematic of Figure 27. Air and oxygen
were mixed to provide a gas of varying oxygen concentration and inlet pressure to the monitor.
Output signal in millivolts was constantly monitored throughout each operational test which, after
conversiun to a corresponding oxygen concentration, was verification checked through use of an
oxygen analyzer, Basic test procedure involved conducting the individual tests prior to cnviron-
mental stressing and noting any deviation or structural deformation during, as applicable, or after
each stress test, with particular attenlion given to calibration points and warning activation capabil-
ities.

A detailed description of each test Is presented in the sections that follow.

TEST RESULTS AND DISCUSSION
OEAS OXYGEN CONCENTRATOR

Operation at Sea Level

OEAS Oxygen Concentrator inlet air consumption for all operating inlet air pressures at sea
level is presented in Figure 28. With inlet air consumption always increasing with inlet (bleed) air
pressure, the rate of increase from approximately 25 psig to 260 psig changes due to the effects
of the concentrator's {internal) pressure reducer. The limits for maximum and minimum reducer
outlet (bed inlet) pressures are presented in Figure 29 and Table 1. Concentrator bed inlat pressure,
and therefore air consumption and outlet pressure can vary from unit to unit. Air consumption at
25 psig inlet air pressure or below, will not show any variance, as 25 psig is the minimum activation
or “kick In" pressure for any concentrator.

The typical inlet air waveform (flow vs. tiine) is presented in Figure 30. Tims zero can be
considered the beginning of air inlet to one bed, and also to evacuation of the second bed. Maxi-
mum inlet flowrate occurs approximately 0.8 seconds later (with all inlet pressures). Flowrate
then dacreases at a fairly uniform rate and again drops to zero at 5 seconds. A bed puige/nitrogen
enriched exhaust therefore occurs every 5 seconds. With absorption/desorption of bioth beds every
10 saconds, control valve speed is one revolution/10 seconds or 6 revolutions/minute. Inlet air
consumption increases with pressure, with a higher peak reachud at 0.8 seconds and corresponding
increasa in area under the waveform.
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Table 1
OEAS CONCENTRATOR REDUCER OUTLF I' PRESSURES
Reducer Inlet Pressure (Psig) M'?:i(::f:nr Lutlat memg;:m“
25.0 26.0 260
29.5 26.0 29,6
35.0 27.0 30.6
46.0 285 325
60.0 31.0 36.6
90.0 38.0 410
160.0 48.0 53.0
200.0 54.0 62.0
260.0 62.0 720

Oxypgen concentration at sea level was determined as a function of inlet alr pressure and
oxygen enriched gas outist flow. Figura 31 depicts oxygen concentrations delivered a1 a furiction
of outlet flow for various inlet pressures while those delivered as a function of inlet pressure as pre-
sented in Figure 32, The besis used in this evaluation was made through utilization of one man
breathing gas flowrates as specified in MIL-D-19326 (11) and presented in Tabla 2, and the bleed
alr pressures anticipated from the 8th stags of the AV-8A's Pegasus engine (Table 3). The data usad
in the construction of these plots is presanted in Appendix A. All oxygan outlet flowrates are
referenced to normal temperature and pressure,

Oxygan concentrations maasured increased with inlet alr pressure, due to a greater mass flow
and more oxygen available, and decreased with outlet flow, due to the rate at which air is drawn
thrcuigh the beds and reduction In time for concentration. Maximum oxygen concentrations (in
excess of 94 percent) were measured with an outlet flow of 5 Ipm with inlet pressures of 13.5 psig
{AV-8A Idle cdescent] or above. Concentrations delivered for a ane man breathing flowrate were
above 28.96 percent (220 mm Hg at sea level} with iniet pressures of 8 psig or above. In addition,
breathing gas flows in excess of 70 Ipm can be drawn prior to warning activation with an inlet of
28 psig, the maximum pressure deliverable on the AV-8A. Once again, tha nonuniform rate of in-
crease in oxygen concentration with inlet pressure is due to the pressure reducer (which limits bed
inlat pressure). The maximum deliverable breathing gas flowrates for various inlet prassures is pre-
sented in Table 4, These are the flowrates which drop oxygen concentration enough to activate the
warning light (tolerance 220 +10 mm Hg).

The approximate pressure drops through the concentrator are presented in Figurs 33 for var-
ious Inlet air pressures. The inlet pressures shown are those suppliad to the concentrator (air heater),
while the outlet pressures shown for zero flowrate are essentially those supplied to the system beds.
Outlat pressures for various flowrates were measured approximately 6 feet from the breathing gas
delivery port (5/16 in. 0.D. tubing utilized).

Although the argon concentrations resulting from a specific oxygen concentration can be esti-
mated through a ratio of thelr concentrations in air, a means of oxygen/argun separation (and there-
fore direct measurement) was utilized by the Aero Materials Laboratory of ACSTD (4), The results,
which show the argon concentrations in the breathing gas for all oxygen concentrations deliverable
by the system (indepandent of iniet pressure and outlet flow) is presented in Figure 34.
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Table 2
BREATHING GAS FLOWRATES PER MIL-D-19326E
B Aircraft Braathing Gas Flowrate (Liters/Minute)*

, Unpressurized Cabin Pressurized Cabin
Altitude |
(Foet) One Man Two Man One Man Two Man

0 13.1 26.2 13.1 26.2
10,000 8.4 16.8 9.6 19.2
20,000 54 10.8 7.7 16.4
30,000 3.2 6.4 6.4 12,8
40,000 22 44 5.0 10.0
60,000 2.2 44 39 7.8

*NTPD 70°F and 14.7 psia

Table 3
AV-BA EIGHTH STAGE BLEED AIR PRESSURES
Avallable Bleed Pressure (Psig)
Altitude
(Feet) Idle Descent at
Minitmum 230 KIAS Maximum™®

1] 9.3 13.5 28,0
10,000 19.9 24.6 28.0
20,000 26.3 28.0 28.0
30,000 26.1 28.0 28.0
40,000 21.3 26.7 28.0
50,000 18.3 23.5 28.0

*Due to addition of supply line regulator

Table 4
MAXIMUM DELIVERABLE GAS FLOWRATES PRIOR TO WARNING ACTIVATIUN

Breathing Gas Flowrate {lpm)2

Warning Activation (mm Hg)

Altitude Inlet Air Pressure!

(Feet) {Psig) 210 220 230
0 Minimum 41 31 26
Idle Descent 70 60 50
Maximum 70 70 70
10,000 Minimum 46 42 38
|die Descent 59 b4 49
Maximum 70 856 58
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lable 4 — Continued

Breathing Gas Flowrate {Ipm)<
Warning Activation {mm) Hg)

Altitude Inlet Alr Pressure!
(Feet) (Psig) 210 220 230
20,000 Minimum 38 36 34
dte Descent 45 4 38
Maximuin 45 41 38
30,000 Minimum 27 24 21
Idle Dascent 28 26 22
Maximum 28 26 22
40,000 Minimum 28 26 21
idle Descent 29 26 22
Maximum 30 26 22
650,000 Minimum 18 18 18
Idle Descent 26 23 20
Maximum 30 26 22

1Basad on AY-8A 8th stage.
2Referenceri to 14.7 psia and 70°F.

Power Consumption

Desigried to operate with a powser Input of 16.28 VDC, oxygen concentrator power con-
sumption for each voltage is presanted in Table 5. Aiso presented are the approximate current
draws for the following components: motor, whosa drive shaft, through reducticn gesring, rotates
the system control valve; control ele. tronics, or relays utiilzed In heater activation; salenoid, attivat-
ed in low temperature conditicus to aid in bed warm up; and two resistance heaters for raising
bleed air temperature when required.

The mctor, concrol electronics, and solenoid are all on the same circuit, Heatisr activation,
thorefore cannot occur without power to the motor. A variation in current draw with heater #1
vs. heater #2 is due to difference in heater length (number of windings). This is not to say that
each concentrator will show some variation. In addition, heater tolerances show that maximum
heater power consumption is 575.12 watts {10.27 (2) amps) and 616.64 watts {10.63 (2) amps)
at 28 and 28 VDC, respectivaly.

Activation of both heaters will occur immediately after power is wupplied. Both heaters will
remain on until inlet air is raised to a temperature of 110-12C°F (44-46°C). Heatcr number 2 will
then deactivate, with heater number 1 activatinn intermittently to maintain this ber inlet air temp-
erature. The on times for heater number 2 hefore deactivation and intermittent opuration of haater
1 depend upon the specific temperature of the air suppliad te the unit. 4n inlet air ternperature of
0°F (~17.8°C) at low ambient requires full time activation of both heates, while the only systein
power consumption for inlet air above 120°F will be by the motor.
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Table 6
OEAS CONCENTRATOR POWER CONSUMPT{ON
Current (Amps)
Voltage Power
(DC Volts) Motor Eg&?gﬂcs Solenoid Heater #1 Heater #2 (Watts)
29 1.84 0.15 0 9.20 945 586.3
28 1.92 0.15 0.30 8.90 9.10 570.4
27 1.9% 0.15 0.29 8.50 8.76 660.2
26 2.00 0.16 0.28 §.20 8.40 B33.4
25 2.10 0.16 0.27 7.85 8.10 518.0
24 2.06 0.15 0.26 7.60 7.70 4956
23 1.82 0.15 0.25 7.20 745 473.8
22 1.62 0.16 0.24 6.90 7.10 450.0
21 1456 0.16 0.22 6.65 6.76 4256.6
20 1.32 0.156 o021 6.26 6.45 4056.2
19 1.22 0.16 0.20 6.95 6.20 387.0
18 1.18 0.156 0.19 65,60 5.80 364.8

It should be noted that all oxygen concentration tests, unless specified otherwise, are con-
ducted with ""house alr” inlet temparature (60-80°F) (16-27°C). This translates to Initial operation
of both heaters, then & maximum current draw of 8.90 amps with intermittent operation of heater
1, and a bed inlet air temperaturs of 110-120°F. In addition, initial motor circuit power consump-
tion can show sclenoid activation during periods when not normally required (60-8Q°F ambient;
B0-B0°F inlet air) due to variances in set point from unit to unit. As an example, solenold activation
with turn oh at standard conditions can occur for approximately 10 minutes with an inlet pressure
of 26 psig. Solenold activation is eivdent not only thirough the increase in power consurnption, but
through the sound of "warm up’ air (appruximately 25 lpm) dissipating within the thermal shroud.

The OEAS Oxygen Concentrator showed no variation in the values presented in Figure 31 or
variation in cycle time, with voltages of 18-29 volts supplied to the motor.

Operation at Altitude

The oxygen concentrator was verification tested for purity delivered at altitudes of 10, 20, 30,
40 and 50000 fest. As mentioned previously, the entire unit was exposad to the ambient pressures
specified with the nitrogen enriched exhaust venting directly to these altitudes. A 2560 point test
matrix was conducted with variation o7 altitude (aircraft), inlet air pressure, and breathing gas flow-
rate. Included In the analysis are breathing gas flowrates based on the Harrier pressurization sched-
ule of Figure 35 and the corresponding breathing gas flowrates of Figure 38. All flowrates in the
test program are referenced to sea level conditions of temperature and pressure. Analysis was
also based on the bleed air pressures of Table 3, with ail test pressures rcferenced to the particular
test altitude. All testing was conducted at standard teraperature, with an infet air temperature of
110-120°F (43-49°C) (power applied to heaters).
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Figure 36 — One Man Breathing Rate Per M{L-D-19326E
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Inlet air flowrates for various altitudes are presented in Figure 37, showing the relative reduc-
ticn in consumption with ascent in altitude. Results for testing for oxygen concentrations delivered
are presented in various methods In the figures following. Figures 38 through 42 show oxygen
concentration vs. outlet flowrate for various inlet pressures at altitudes of 10 through 50,000 feet,
respectively. As seen from these results, oxygen concentration increases with irilet air pressure and
altitude (nitrogen exhaust pressure). Concentration also decreases with an increase in breathing
gas flowrate, except for low flowrates which, due to a more etficient concantration of argon, actual-
ly deliver less oxygen purity than higher flowrates. Maximum oxygen concentration was found with
outlet gas flowrates of approximately 8-18 Ipm, The amount of argon concentravion with lower
flowrates can be estimated by taking the dif‘arence between the oxygen concentration delivered
and 95 percent oxygen, and adding this difference to 6 percent argon. Also depicted in these figurces
is the average warning activation point {220 inm Hg with activation at 89.1 percent oxygen at
28,000 feet or above). Again, the maximum deliverable flowrates prior to warning activation are
presented in Table 4,

Figures 43 through 47 depict oxygen concentration vs. inlet pressure for verious breathing
gas flowrates at altitudes of 10 through 50,000 feet. The effect of increasing inlet air pressure on
inareasing oxygen concentration can be seen from thaese plots. The relative effect of Increasing alti-
tude {and therefore bed inlet and exhaust pressure differential) on increasing oxygen concentration
for all flowrates is presented in Figure 48. With the realization that increasing this pressure differ-
ential leads to ymore efficient concentrator operation, it should also be mentioned that an adverse
effect will result with excessive back pressure on the nitrogen vent port. Early developmantal tests
have shown that the resistance to this exhaust should be no more than that equlivaler.t to 4 feet of
straight tube.

Figures 49, 50 and B1 analyze concentrotor performance within the operational envelope of
the AV-8A. Results were favorable, with adequate concentrations delivered for one or two man
flowrates with minimurn, Idle descent and maximum (28 pslg) inlet pressures, Figures 52 through
BB present oxygen concentration vs. altitude for flowrates of 13.1, 26.2, 36 and 50 Ipm {(NTP),
respectively, for various inlet pressures.

High Temperature

The oxygen concentrator was high tempurature tasted through exposure to 185°F for a period
of 16 hours. The unit was non-operational throughout this period (no inlet air or power applied).
After a stabilization ot stanclard temperature, the concentrator was verification chacked for normal
operation, The concentrator showed no degradation with respect to oxygen concentration deliver-
ad, power consumptian, cycle time, outlat pressure or eny structural degradation as a result of the
high temperature exposure,

Operational tests were conducted with high temperature inlet air at an ambient temperature
of 160°F (71°C). The procedure for each of these tests was common, with a four hour high temp-
erature "“soak"” (non-operating} at 1B80°F, followed by four hours of operation with high temper-
atire inlet air while maintaining the high ambient temperature. Tests were conducted with the
maximum design Inlet air temperature of 260°F (121°C) with iniet pressures of 28 and 40 psig
and with an inlet air temperature of 160°F and an inlet pressure of 28 psig. Outlet flowrate was
held at a constant 13.1 Ipm throughout each test. Performance was found to decrease with in-
creased inlet air temperature and with lower inlet air presst're, The perforimance degradation, how-
ever, was not sufficient enough to result in a warning light activation, The corresponding inlet air
flowrates were measuired at the conclusion of the four hour operating period, the values uf which
are presented in Figure 57. A decrease in molecular sleve absorption capacity can be seen with the
drop in inlet air flowrate. Various temperatures of interest with analysis during high temperature
operation were recorded. This data, showing a varigtion of temperature with time, is presented
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in Table 6 and Figure 69. At the conclusion of the four hour periods, cudtlet flowrate was varied
and the resulting concentrations recorded. Results are presented in Figurc 59, which shows perform-
ance variation with standard ambient and inlet air temparatuas,

It should be mentioned that all concentrators when initially dellverad contained a cycle time
of 12 seconds, i.e.,, nitrogen exhaust every 6 seconds ard a control valve speed of § revalutions/
minute. With the realization that initial AV-BA heat exchanyer design showed high temperature in-
let air throughout most of the operatianal envelope, a decision was made to employ the faster cycle
time to improve performance (before the modification, uxygen concentration degracdation with
time with an inlet pressure of 40 psig was similar to the prosent with 28 psig).

The OEAS oxygen concentrator was tested in a typical mission profile with design maximum
inlet air temperature, l.e., 260°F at sea level, 200°F at 10 and 20,000 feet, and 160°F at 30,000
feet or sbove. The test was initlated 5 minutes after the concentrator was soaked at an ambient
temperature of 160°F for 48 hours. Test altituddes were held for 20 minutes each, with various out-
let flowrates drawn and oxygen concentrations measurad. All testing was conductad with un inlet
pressure ot 28 psig (referenced to the test altitude) »t standand ambient tempearature.

Results are prasented in Tahle 7 which shows times at test points and for transition of altitude
and inlet air temperatura, variation of outiet flowrate aiv) the resulting oxygen concentration,
Temperaturas of primary interest in bigh temperature avaluation are also presanted. As presented in
these results, oxygen purities dolivered were all within acceptabls limits, althouyh concentrations
delivered with an outlet flow of 13.1 lpm (NTP) were below those with lower flowrates at 40 and
50,000 feet. Preliminary flight tests rasuits {reference ) have Indicated a maximum inlet air temp-
arature (high speed, hot day low level flight) of appioximately 176°F, Indicating good heat ax-
changer performance. However, as presented in Table 7, concentrator parformance Iy satisfactory
with maximum desigh temperatures.

With the realization that time Is the overriding factor with concentrator temperature evalu-
ation, additional high inlet air temperature tests waere conducted with set paramaters for extended
longths of time. These tests were run at altitudes of 30,000 feet and above, where the need for a
high purity breathing gas exists. A 24 point test mattix was conducted with variation of inlet air
temperature, pressure nnd outlet fl-wvrate,

Results of these tests, showing oxygen purity degradation with time, are presented in Figures
60, €1, and 62 for altitudes of 30,000, 40,000 and 50,000 feet respectively. The rates of concen-
tration drop with time increased with inlet air terperature (160 vs. 260°F), Inlet alr pressure (28
vs. 60 psig), oxygen outlet flow (3 vs, 9 Ipm (NTP)), and with increase in altitude. The relative
performance at each altitude Is presented in Figures 83 and 64.

These tests revealed the Importance of pressure and/or temperature limitation at altitude.
An additional 3 hour test at 30,000 feet with an inlet pressure of 90 psig and standard temperature
(heaters activated) was successfully completed (no performance degradation). A high temperature
altitude summary which describes tast conditions and time, when degradation was initially ob-
served, and the approximate time to warning activation {89 percent oxygen) is presented in Table 8.




NADC-8119860

————— — ——

Ay 18ju] 2:mesadwa ybiH 40} awry sA armeiadws | 1usuodiuo] — gg ainbig

(SHNOH} INIL

4

13N 30091 137100
HiV Q3HDJiEN3

137INI 30082
X 08 SOINOH1D313

13N 45052 “1314N0
Y1 Q3HOIHNI

BIV L3N 4062

T

X082 SHUNOoH1I313

| | ! l \L |

1774

ove

78

(do) IHNLVYHIIWIL




:

OXYGEN CONCENTRATION (%)

100

80

70

50

40

30

20

10

NADC-8118860

-
2
3
4
"~ LEGEND
1 40 PSIG  7EOF AMBIENT; 76°F INLET AIR
2 28 PSIC  75OF AMBIENT; 760F INLET AIR
— 3 40 PSIG  160°F AMBIENT; 260° INLET AIR
4 28 PSIG  1609F AMBIENT; 250° INLET AiR
] L 1 ] ]
10 20 30 40 50

Figure 59 — Oxygen Concentration Vs. Inlet Air for High Temperature at Sea Leval
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Table 6

OEAS CONCENTRATOR COMPONENT TEMPERATURE FOR HIGH
TEMPERATURE INLET AIR

‘Iniet Aoir Component Time (Minutas)
Temp (°F) (See Key) 0 15 | 30 | so | 120 | 180 | 240
180 T 97 | 101 | 104 | 104 | 105 | 106 | 106
o 150 | 159 | 160 | 160 | 162 | 162 | 162
T3 173 | 183 | 191 | 197 | 204 | 206 | 206
Ts 146 | 153 | 168 | 160 | 162 | 162 | 182
250 T 107 | 13 | 115 | 117 | 120 | 121 | 121
T, 198 | 210 | 2156 | 218 | 220 | 221 | 222
T3 194 | 203 | 212 | 223 | 234 | 237 | 238
Ts 186 | 200 | 206 | 215 | 215 | 220 | 220

Tq — Alr Temperature; Inlet to pressure reducer/control valve assembly; measured on sui-
face of aluminuni tubing midway between air filter and pressure reducer.

T2 — Nitrogen enriched exhaust.
Ta — Electronics box (external surface).
T4 — Enriched air outlet (on surface of 5/16 inch OD tubing 6 feet from outlet port).

Table 7
HIGH TEMPERATURE/ALTITUDE MISSION PROFILE PERFORMANCE
Time Altitude Inlet Air Outlet Flow | Oxygsn Tem;‘:e?t(ure)( F)
{minutes) | (feetx 1000) | Temp (°F) {lpm) (%) T T;e 81% T2
Oto12 0 75 to 200 13.1 88.1 - - — -
12 0 200 13.1 88.1 163 | 149 164 | 92
18 0 230 13.1 88.1 188 | 166 168 [101
24 0 250 13,1 88.1 200 | 178 163 107
30 0 250 13.1 87.0 204 | 183 167 {110
39 0 250 13.1 86.0 206 | 189 171 1111
39 to 49 Oto 10 26010200 | 13.1t0 9.6 - - - - -
49 10 200 9.6 94 4 182 | 176 179 | 106
63 10 200 96 94.4 177 | 171 182 | 104
69 10 200 96 94.4 178 | 171 184 | 106
69 to 74 10 to 20 200 B86to7.7 - - - - -
76 20 200 7.7 946 178 | 169 185 | 103
87 20 200 7.7 94.6 178 [ 169 186 | 106
o5 20 200 7.7 p4.6 178 | 169 187 | 106
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Table 7 (Continued)

o
Time Altitude inlet Air | Qutlet Flow | Oxygen Tam;(:seereaiuere)( F)
(minutes) | (teetx 1000} | Temp (°F) {Ipm) %) T 43 )
95 to 104 20to0 30 200 to 160 77t04.8 - - - - -
106 30 160 4.8 946 165 | 159 188 | 100
119 30 160 g6 94.7 166 | 161 188 | 98
124 30 160 4.8 94.6 164 | 149 187 | 98
124 t0 127 30 to 40 160 481t03.756 - - - - —
127 40 160 3.75 94.7 162 | 146 186 | 98
133 40 160 3.76 94.7 162 | 1456 186 | 98
142 40 160 7.6 94.8 - - - -
. 144 40 1680 13.1 023 - - - -
‘147 40 160 3.76 94.7 151 | 144 183 | 98
147 to 153 40 to 6O 160 3.756t0 3.9 - -— - - -
163 50 160 38 94,7 151 | 142 183 | 98
165 60 160 78 948 160 | 142 183 | 98
168 50 160 10 4.7 - - - -
170 B0 160 13.1 93.2 - -- - -
173 50 160 3.9 94.5 149 | 139 182 | 98

T4 — Air Temperature; inlet to pressure reducer/control valve assembly; measured on surface of
aluminum tubing midway hetween air filter and pressure reducer.

T2 — Nitrogen enriched exhaust.
T3 — Electronics box (external surface).
T4 — Enriched air outlet (on surface of 5/16 o.d. tubing 6 feet from outlet port).

Low Temperature

The OEAS oxygen concentrator was low temperature tested through both variation of inlet
air and ambient temperature. Performance degradation {drop in oxygen concentration) was found
negligible with the unit operating initially at standard ambient temperature. With start up at stan-
dard inlet air and ambient temperature, the reduction of inlet air to 0°F and ambient tamperature
to -85°F produces insignificant degradation at sea level, This is due to adequate heatar capacity for
raising inlet air temperature, and through ambient warm up within the thermal shroud by solennid
and electronics module warm up air dissipation. Operation is seriously degraded (adsorption selec-
tivity) without heating capability, evident during prototype laboratory evaluation (8).

Performance was further evaluated with start up after periods of nun-operating ‘cold soak’.
These tests were conducted with the unit exposed to ambient temperatures of ~40 and -65°F for
four hour periods with no air or power applied. Start up was conducted with inlet pressures of 28
and 40 psig, and an inlet alr temperature of - 15°F. A bypass in the inlet alr line was utilized in cool-
ing the air prior to being supplied to the concentrator. Although the minimum design inlet air
temperature was stated as 0° F, further cold day airframe analyses have shown that this temperature
can drop to -15°F, The differential however, has no impact on performance due to adequate heater
capacity. Breathing gas flowrate was maintained at 13.1 Ipm for all tests.
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Results are presented in Figures 86 and 66 for -85 and -40°F, respectively. The rates at
which concentration increases are irmproved with an increase in pressure, and inlet or ambient
temperature, Cycle timeo again affected performance, with 12 second units (6 rpm} found to rer-
form better with time (maximum concantration was achieved approximately one hour with 40 pzig
inlet pressure at an ambient temperature of -86°F). Minimum acceptable oxygen concentration
after stabilization at minimum tempaerature, then ascending to 30,000 feet or above has been de-
termined to be 93 percent for bresthing gas flowratus of 5-10 lpm.

Although the concentrator provides ample purity to extinguish the warning light at sea leve!
on start up, of particular concern Is the ability of the concentrator to perform with ascent in alti-
tude after cold soak without allowing warm up for extended periods of time. The concentrator was
cold soaked at an ambient temperature of ~40°F for a 12 hour period. Start up was initiated with
inlet air at -16°F at 28 psig, with an outlet flow of 13,1 Ipm. After approximately 6 minutes of sea
level operation, chamber altitude was raised to 25,000 feet, with the resulting oxygen concentration
measured. An inlet air temperature at ~18°F and flowrate of approximately 8 lpm were maintainad
throughout the altitude portion of testing. The inlet pressure of 28 psig was referenced to the
altitudes specified.

Results are presented in Figure 67 for oxygen concentration and altitude versus test time,
The effect of cold soak time was evident with an identical test conducted with a soak tirne of 4
hours at -40°F, where concentrations in excess of 90 percent oxygen were measured upon attaln-
ing 26,000 feat.

Bleed Air Contamination

47 S N MR L b o SNt Healton sttt b e |. T,

Throughout the taest and evaluation program, the oxygen concentrator was subjected to
“ideal” conditions with respect to inlet air, l.e., first passed through coalescing filters and dryer.
Preliminary analysis prior to Prowler flight testing was accomplished with reference 27, which
assumed engine bleed air contamination with maximurn levels as follows {reference 9).

Substance Parts per Million
Carbon dioxide 5000.0
Carbon monoxide 50.0
Ethanol 1000.0
Fluorine (as HF) 0.1
Hydrogen peroxide 1.0
Aviation fuels 250.0
Methyl alcohol 200.0
Methy! bromide 20.0
Nitrogen oxides 8.0
Acrolein 0.1

Oil breakdown products
{e.g., aldehydes) 1.0
Ozone 0.1

The resulting flight test experience (2) showed that the only trace constituents found in the
oxygen product (with or without a bleed air hydrocarbon filter) were oxygen cleaning compound,
carbon dioxide and moisture. The maximum level of carbon dioxide measured in any sample was

- 3.0 ppm, less than the 10 ppm specified as the maximum concentration allowahle in MIL-0-27210E

(12).
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Continued analysis of the ability of the concentrator to filter contaminants were made by the
U.S. Air Force School of Aerospace Medicine on an OEAS concentrator identical, with the excep-
tion of some structural modifications, to that employed in all other testing described herein. The
results (6) showed adequate filtering of the contaminants mathane, ethane, hexane and metheanol.

The entrance of particulate matter to the concantrator is also of concern when entrained in
the filter cartridge. the accumulation of particles will result in an excessive pressure drop across
the filter (decreass in bed inlet pressure) and a drop in oxygen concentration. This phenomenon
was experienced during the NAVAIRDEVCEN program, when the nged for a particulate filter at
the outlet of the air dryer was evident. Only through operational experience with extended air-
craft installed hours will the frequency of filter cartridge change be determined and analysis made
on the spent cartridges to determine the rate at which the aircraft engine will generate submicron
particles,

Temperature Shock

The oxygen concentrator was temperature shock tested in accordance with MIL-STD-810C,
Method 603.1, Procedure !. The unit was not operating durihg this test, and all amblent ports ware
capped. The following test schedule was employed:

Temperature Exposure Time
(°F/°C) (Hrs)

160/71
-70/-67
1680/71
-70/-67
160/71
-70/-67

b bDBLEM

The unit was transferred within one minute to a cold (or hot) chamber at the conclusion of
each four hour exposure. The concentrator was allowed to stabilize at room temperature after the
24 hour period and checked for operation. Performance was found normal with no devlatior In
powst consumption or cycle time, and showed no structural crack or deformation,

._t_!umidity

The oxygen concentrator was humidity tested In accordance with MIL-STD-810C, Mathod
507.1, Procedure !1. The unit was not operating during this test and all amblent ports were capped.
The concentrator was first dried at 128°F (54°C) for 24 hours, then conditionad at 73°F (23°C)
and 50 * 10 percent relative humidity for 24 hours, After adjustment of ambient temperature to
86°F (30°C) and relative humidity to B4 + 4 percent, amblent temperature was varied according
to Figure 688, Five continuous cycles ware employed, with relative humidity maintained at 94 + 4
percent throughout the 240 hour period. Conditioning at 86°F and 60 + 10 percent relative humid-
ity was then repeated. The unit was then chuecked within one hour of test completion for operation,
showing normal performance with respect to power consumption and cycle time, and showed no
structural deformation or deterioration, although the pressure reducer and thermal control system
solenoid showed slight evidenca of corrosion,
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Figure 68 — OEAS Concentrator Humidity Cycle (Procedure — It)

Temperatura-Humidity-Altitude

The oxygen concentrator was temperature-humidity-altitude tested in accordance with MIL-
STD-810C, Method 51B.1, Procedure |. The unit was not operating during this test and again, all
amblent ports were capped. Four continuous cycles, as depicted in Figure 69, were employed for
variation of ambient conditions. After the 96-hour exposure and return to standard ambient con-
ditions, the unit was subjected to 2.6 hours at -66°F ambient temperature at 50,000 feet, then
returned to standard ambilent conditions without humidity (first 5 hours of Figure 69).

Initial post test operational checks after stabilization at standard conditions were unsuccessful,
with no motor current draw when supplied with 28 VDC, The third attempt at start up was success-
ful, with normal cycling, heater activation and power consumption. However, subsequent attermpts
of operation resulted in failure for motor start. Electronics box disassembly revealed a broken
lead/diode connection in the motor circuit within the epoxy/RTV contained in the box. It was
theorized that the ambient temperature differential and not humidity caused the failure, resulting
in varying expansion rates at the epoxy/RTV interface, and the disconnection caused by inadequate
stress relief,

Vibration

Random vibration was accomplished under the guidelines of MIL-STD-810C (17) and
McDonnell Douglas Report MDC A37B80 (1). All testing was conducted on three units: S/N
806004E, of the tan purchased under contract 0128; S/N E1, Bendix development unit manufactur-
ed for Bendix in-house testing and S/N E2, Bendix development unit. Due to the long duration of
this phase of the program (6 mounths) and as an aid in revealing how the concentrator evolved to its
presant configuration, each qualification attempt and its result is presented.
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Early vibration tests conducted at Bendix were |imited due to low capacity vibration equip-
ment used (maximum 18 Grms vertical, 14 Grms horizontal, in accoraance with Figure 514.2-2A
of MIL-STD-810C), but provided a determination of the need for initial structural modifications.
These included (1) the addition of a stabilizing piate on top of the unit which, due to the modular
design of the system, showed a tendency of the beds, plenum, aic. to bump into each other during
vibration and {2) a more rugged motor/gear asssmbly through motor mount extension.

Government testing was initiated on S/N 805004E in accordance with MIL-STD-810C, Cate-
gory 9.2, Procedure |A. The power spectral densities, variable frequencies, and overall Grms was
as follows, based on use for 2000 missions and a q value of 1200 psf:

Functional Test 3 hr Endurance Test
G2/Hz (PSD) 0.2016 0.778
fvar (Hz) 89.19 32.38
G rms (G) 16.4 32.16

Each of these vibration envelopes is presented in Figure 70, The functional level shown is based on
a test time of one hour in each axis.

The concentrator was operating for one hour (25 psig inlet, 13.1 Ipm outlet) in the longi-
tudinal (x) axis while baing subjected to 16.4 Grms. Operation during this test showed abnormal
heater activation, as both drew a constant 4-8 amps. This resulted in & high (160°F) nitrogen ex-
haust temperature (106-110 normal). Oxypen concentration, however, held constant throughout
the one hour period.

The unit was then subjected to endurance (non-operating) level testing at 26.6 Grms (8 hour
test level) and stopped after the first of six hours intended. An operational chack revealed a break
in the oxygen supply line (from plenum to outlet port), A visual check on the baseplate of the unit
showed a dethreading of the spanner nut which holds the plenum to the baseplate and backing out
of virtually all screws holding the madules {beds, electronics box, etc.) to the baseplate. Continued
vibration could have resulted in their separation from the unit. This testing resulted in improved
methods for locking of screws to modules and a change to stainless steel (from aluminum) in the
oxygen supply line.

Testing was continued after repair in accordance with MIL-STD-810C and Figure 70. The
intended test schedule was as follows:

Test Axis Time (hr) Level
Functional Longitudinal 1/2 18.4
Endurance (Front to back) 3 23.2
Functional (Front to back) 1/2 16.4
Functional Lateral 1/2 16.4
Endurance (Side to side) 3 32.2
Functional (Side to side) 1/2 16.4
Functional Vertical 1/2 16.4
Endurance Vertical 3 32.2
Functional Vertical 1/2 18.4
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Figure 70 — MIL-STD-810C Random Vibration Envelopes

A motor stop (which results in no cycling and air as the effluent gas) was evident after the first
fifteen minutes of functional testing in the longitudinal (x) axis. A voltage check on the electronics
module terminal strip indicated an electronics failure. The remaining functional level testing was
complet:d {unit unoperational) and one hour of endurance (32.2 Grms) was run for structural
testing.

A retest after repair (same vibration envelope) was successful through the first half hour in
the longitudinal axis. Testing was stopped after exposure to one hour of endurance level testing.
A functional check showed the unit would not operats (no cycling). All endurance level tasting
(3 hrs/axis) was completed in order to learn more about the structural Integrity of the unit as it
had never before been subjected to high level testing for any extended period. Post test visual
checks revealed a sound structure with no cracks in modules, screw loosening, etc. The glectronics
module remained the source of system failure, with broken leaads, broken components, and their
separation from the electronics board, Testing was started in the vertical (Z) axis on a backup sys-
tem, S/N E1, to determine its ability to operate after subjected to high level endurance. Operation
was normal throughout one half hour of functiona! level testing, while a check after one half hour

of endurance level testing also showsd normal operation. After one hour of endurance, howevar,

the unit would not operate (cycle). Once again, failure in the electronics module was evident. Re-
tests conducted at Bendix on the electronics box alone determined the need for addition of both
hard apoxy and soft RTV throughout the electronics module.

Retests were attempted in order to qualify the system for the AV-BA Harrier, utilizing the
random vibration envelope provided by MCAIR Report No. MDC A3780. This envelope {Figures
71 and 72) deviates from that found in MIL-STD-810C with respect to bandwidth, spectral density
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Figure 71 — MDC A3780 Random Vibration Envelopes

and overall Grms. Based on this information provided, the test scheduie for qualification of the con-

centrator for the AV-8A with use for 2000 missions is as follows:

Test Axis Time Grms
Functional (Performance, Cruise) Longitudinal (Front to Back) 25 min 73
Functional (Performance, VSTOL)  Longitudinal (Front to Back) B min 19.9
Endurance (Cruise) Longitudinal (Front to Back) 6 hrs 19.9
Functional (Performance, Cruise) Lateral (Side to Side) 25 min 7.3
Functional {Performance, VSTOL)  Lateral (Side to Side) 5 min 19.9
Endurance {Cruise) Lateral (Side to Side) 6 hrs 19.9
Functional {Performance, Cruisa) Vertical 26 min 7.3
Functional {Performance, VSTOL)  Vertical 5 min 24.2
Endurance (Cruise) Vertical 6 hrs 242

Fm—— —

The functional tests in the longitudinal and lateral axes (Figure 73) showed no deviation with
respect to oxygen concentration (93 percent) power consumption or heater activation. Post endur-
ance checks also showed normal operation, while visual checks verified the structural integrity of
the unit. Functional testing in the vertical directional at 24,2 Grms level showed two deviations
from normal operation: (1) heater 1 remained on almost continuously throught the 5 minute period
and (2) outlet pressure dropped 1 psig (23 in lieu of 24 psig).
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Figure 73 — OEAS Concentrator Mounted for Lateral Axis Vibration
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Vibration testing was stopped after one hour of endurance at 24.2 Grms to chack unit oper-
ation. Power consumption was normal although the supplying of pressurized air showed that the
unhit was not cycling (no exhaust heard, with air as the effluent gas). A check of voitage on the
terminal strip of the electronics module again showed that the motor {(and therefore the control
valve) was not turning, An additional 2 hours of endurance testing was run in order to obtain addi-
tional information regarding structural integrity.

Analysis and rework at Bendix determined the cause of failure to be broken capacitors within
the electronics module, which precluded power supply to the motor. Four aluminum capacitors
were replaced with smaller tantalum capacitors with a higher vibration rating. An additional post
was added to the center of the electronics module and all lightening holes were removed from the
baseplate as aids in providing a more rigid structure,

Retest of S/N E1 to the McDonnell specification was begun in the vertical (Z) axis, as it was
the higher level vibration in this attitude which had previously caused failure. Operation was normal
throughout the functional test, and a check after one hour of endurance showed normal operation.
Normal cycling was evident after two hours of endurance although oxygen concentration had drop-
ped from 92 to 89 percent. The OEAS did cycle normally after three hours of endurance, but a
large air leak was evident under the stabilization plate resulting in a drop in oxygen concentration
to 36 percent. Removal of the plate ravealed a crack in the aluminum tube joining the left bed
outlet to the plenum (Figure 74). Testing was repeated (Z axis) on reserve unit S/N E2, which had
never before been subjected to vibration but contained all modifications present on S/N E1, Cycling
continued throughout functional level testing, although oxygen concentration dropped to 89 per-
cent and showed a concentration of 84 percent when checked after one hour of endurance. A check
on the stabilization plate area revealed a small air leak. A large leak was evident after the second
hour of endurance, with an outlet concentration of 50 percent. At this time, abnormal heater
operation was also evident, as heater 1 would remain in the off condition for five seconds (16-17
normal). Endurance leve!l testing was completed fro 3 hours in the X and Y axis, The OEAS showed
the ability to cycle after each of these runs while the leak, low concentration and abnormal heater
operation were still prasent.

Testing was stopped to examine the unit, as it was believed the same aluminum tube fallure
was present. Removal of the stabilization plate revealed a crack in the copper tube which joins the
rotary valve to the left bed (Figure 74). Further inspection revealed that two screw clamps which
grasp the motor/valve housing wera loosened. It was theorized they were not tightened during
assembly (they were not checked prior to vibration testing) and allowed vertical movement of the
entire motor assambly, causing the tube crack. The copper tubing was removed from S/N E1 and
installed on E2 to confirm (1) that the clamps had not shaken loose during vibration in the vertical
axis and (2) abnormal heater operation was caused passing by passing of leaka - air across the filter
housing (which contains the termistor).

Functional plus 3 hours of endurance level testing was accomplished on the repaired S/N E2
in the X and Y axes. The OEAS was able to cycla narmally during functional tests and when post
endurance checks were made. Heater operation (on/off cycling) also resumed normally, confirming
concern (2) sbove. Three hours of endurance in the vertical axis showed no loosening of screw

clamps, while a post endurance check showed normal cycling.

Oxygen concentrations measured after the copper tube change were lower (B7-88 percent)
than anticipated {92 percent) and may be attributed to the following:

The OAES was operating for some time in the cracked tube condition causing an imbalance in

bed pressure (c.10 psig). Once the imbalance is corrected, the system needs time to ‘recover’,
resulting in lower concentrations in the interim.
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Air or oxygen leaks in the system after repair.

High level endurance vibration resulted in a ‘hot' unit with possible heat transfer to the moiec-
uldr sieve pellets.

Functional level testing In the vertical attitude (56 minutas, 24.2 Grms) was attempted. The
OEAS stopped cycling 2 minutes into the test. Voltages on the terminal strip of the electronics
module showed normal operation, Later inspection at Bendix revealed a cracked snap ring in the
motor assembly resulting in physicai prevention of valve turning. This structural failure has also
been attributed to screw clamp disconnection.

The structural failures experienced should be addressed further. The aluminum tube crack of
S/N E1, although causing a large drop in oxygen concentration, Is not considered serious es it had
occurred after 18 hours of vibration. These tubes, however, will be replaced with stainless steel. It
can be assumed that the copper tube and snap ring fallures were a result of carelessness in assambly,
as the clamps were backed out completely and not broken. The structural integrity of the unit had
also been demonstrated in previous attempts.

A breakdown in hours of vibration accomplished on each unit is presented in Table 8.
Acceleration

The oconcentrator was acceleration tested in accordance with MIL-STD-810C, Method 513.2,
Procedure 11, utilizing the Dynamic Flight Simulator (centrifuge) of the Naval Air Development

Center. The G levels and directions were as follows, based on unit orlentation in the lox bay. The
plateau time for each run was 15 seconds.

_I_J__&_cg_@_grl G Level
Gx 2.0
~-Gx 6.0
Gy 4.0
Gz 9.0
-Gz 3.0

During these runs, the unit was operating, supplied with air at 25 psig, 28 VDC and a set flow
of 13.1 lpm of enriched air drawn from tihe unit. Oxygen concentration, however, was not mon-
itored throughout each run.

Initial acceleration testing was unsuccessful, revealing a drop in motor power consumption
(1.3 in lieu of 1.82 amps @ 28 VDC) when a post test bench check was made. Although still capable
of operation, any further environmental stress could have resulted in a compiete motor stop. After
incorporation of tantalum capacitorg within the module (part of the vibration modifications dis-
cussed previously), the unit successiully passed acceleration testing, showing no deviation in oxygen
concentration, outlet pressurs, power consumption, or cycle time. No structural damage wes evi-
dent at the conclusion of the tests.

Sheek

The OEAS Oxygen Concentrator was shock tested in accordance with MIL-STD-810C, Method
516.2, Procedure |, Basic Design Test. The unit was first placed in its normal mounting attitude and
shocked three times with a pulse conforming to Figure 75, Three shocks in each of the other di-
ractions were applied for a total of 18 shocks. The concentrator was not operating during the ex-
posure, although power consumption (motor/sclenoid and heaters) were verified after each shock.
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Figure 76 — OEAS Concentrator Shock Pulse

A visual examination after all testing revealed no structural deficiencies while the unit showed
no deviation with respect to cycle time, power consumption, heater activation, outlet pressure, or
oxygen concentration,

Dust (Fine Sand)

The OEAS Concentrator was dust tested in accordance with MIL-STD-810C, Method 510.1,
Procedure 1. The concentrator was not operating during the exposure, with air iniet, oxygen outlet,
nitrogen exhaust and electrical ports capped, The concentrator was subjected to dust particles (149
micron maximum) with a density of 0.3 * 0.2 grams per cubic foot and air velocity of 1750 = 260
feet per minuta at an amblent temperature of 73°F for a six hour period. Air velocity was reduced
to 300 t 200 feet per minute, with chamber temperature raised to 146°F for a period of 16 hours.
Air velocity was then raised to initial speed for a period of 6 hours while maintaining 145°F,

Removal of the thermal shroud after test completion revealed heavy accumuliation of dust on
the electronic box, filter housing, and control valve motor. A functional check one hour after test
completion showed normal power consumption, heater activation and cycle t'me. However, raising
inlet pressure to 35 psig resulted in an outlet pressure of 30 psig (an inlet pressure of 46 psig is
necessary for an outlet pressure of 30 psig with this concentrator). Outlet pressure fell to its normal
valve within 30 seconds, while continued operation with inlet pressures of 45 and 60 psig showed
normal operation. The entrance of dust into the pressure reducer through the ports which reference
ambient pressure s a possibility, resulting in temporary seating interference.

Salt Fog

The OEAS Concentrator was salt fog tested in accordance with MIL-STD-810C, Method 509.1,
Pracedure 1. The salt solution specified, however, was not utilized. A solution which duplicates the
effects of a marine atmosphare (Table 10) taken from MIL-E-B1910A(AS) (16) was employed. The
unit was suspended within the test chamber, exposing all sides to the atmosphere. Inlet air, oxygen
outlet, nitrogen exhaust and electrical connection ports were capped. The unit was exposed to this
atmosphere for 48 hours at an ambient temperature of 95°F and was not operating during the ex-
posure.
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Table 10
SALT FOG SOLUTION
Salt Grams Per Liter
-
Sodium Chloride 24,640
Magnerium Chicride 11.110
Sodium Sulfate ‘ 4,004
Calcium Chloride 1.169
Potassium Chloride 0.6856
Sodium Bicaibonate 0.201
Potassium Bromide 0.101
Strontium Chloride 0.042
Boric Acid 0.027
Sodium Fluoride 0.003

Although visual inspactions revealed no structural degradation, functional checks conducted
90 minutes after the test conclusion showed the following electronic anomaliss (1) non-sctivation
of the thermal control systam solenoid, resulting in mator circuit current draw of 1.92 amps (2.3
normal), (2) continuous activation of heater number one, resulting in excessive bed inlet temper-
atures, {3) heater activation without power to the motor circuit and (4) excessive surface temper-
atures of elactrical connector bracketry (extarnal to shroud), With the seme artomalies evident 24
hours later, the unit was returned for repair.

The apparent cause for failure has been determined to bs voltage in excess of BOV applied to
a transistor deep within the electronics module. The defective transistor was replaced (with no de-
sign changs made) and operation resumed as normal. The specific cause for overvoltage was placed
on transits in the external power supply on start up, With no analysis of salt compound/moisture
induced arcirg on leads external to the module, sait fog retesting was accomplished and found suc-
cessful.

BREATHING REGULATOR

Results for the OEAS Breathing Regulator testing program are as follows, based on the data
presented in reference 24.

Outlet Pressure (Initial)

Outlet pressures were maasured for both regulators as racelved in accordance with MIL-R-
81553 (AS). Table 1 of the specification was replaced with the following.

Inlet Supply Ambient Outlet
Prassure Flow Altitude Pressure
(psig) (lpm) {feet) (in H70)
5 Oto 50 Ses Lavel Oto 15
10 Oto 80 Sea Level Oto 1.6
25 0to 100 Sea Level Oto 1.6
70 0tc 100 Sea Level Oto 1.6
120 01to 100 Sea Level Oto 1.6
15 | Oto 70 30,000 Oto 1.5
70 0 to 100 30,000 Oto 1.5
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Inlet Supply Ambient Outlet
Pressure Flow Altitude Pressure
{psig) {ipm) {feet) (in H20)
120 01to 100 30,000 Oto 1.5
16 0to 100 36,000 36t0 6B
70 0to 100 36,000 365t 5.6
120 0to 100 . 36,000 36to 6.6
15 0to 100 40,000 8.0to 10.6
70 0to 100 40,000 8.0t0 106
120 0Oto 100 40,000 8.0to 106
15 0to 100 45,000 13 to 16
70 Oto 100 45,000 13 to 16
120 Oto 100 45,000 13 t0 16
16 Oto 100 50,000 16 to 20
70 0to 100 60,000 16 to 20
120 0Oto 100 60,000 16 to 20

Results for the outlet pressure tests are presented in Table 11. Both regulators had outlet
pressures which were out of specification limits at altitude, dependent upon minimum and maxi-
mum inlet pressura. S/N 10E remained within specification limits at minimum (15 psig) and rose
above specification maximum with 120 psig inlet pressure, The converse is true for S/N 11E, par-
ticularly at 45,000 feet. Increasing, then decreasing inlet pressure and altitude of 11E showed the
non-repeatability of outlet pressure where deviations of as much as 1.0 inch of water were revealed.

Noise Lavel

Nolse level tests were conducted in accordance with MIL-R-81653, with Inlet pressures of 25
and 120 psig. In addition to the standard system (chest mounted configuration) noise level was
conducted utilizing the personnel hose assembly (with MBU-14/P hose from CRU-60/P to A-13A
mask). Raesults are presented in Table 12 which shows excessive dB levels measured on the standard
system at 8400 Hz, and a large noise level reduction at 5000 and 6400 Hz through use of the per-
sonnel hose assembly.

Body Leakage

The biody leakage test of MIL-R-81553 was replated with a test for measurement of regulator
“bleed’’, a set flow which passes through the capillary type orifice and exits through ambient ports.
Actual body leakage (through screws, etc.) cannot be measured due to possible demand valve leak-
ene it blead ports are capped. Bleed flow should not exceed 750 cc/min with an inlet pressure of
70 psig and the cutlet capped. Bleed for each regulator was measured as follows: S/N 10E, 460 cc/
min; /N 11E, 280 cc/inin.

Demand Valve Leakage

Both reguiators were subjected to inlet pressures of 5 and 120 psig while maintaining zero
flow conditions at sea level. Results were satisfactory as outlet pressures {approximately 1.3 in
H20) measured after a five minute period were identified to those measured initially.
9verload

A pressure of 26 inches of water was applied to the outlet port with the inlet capped. Resulits
for both regulators were satisfactory, as no leakage or damage was evident.
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Table 12
BREATHING REGULATOR NOISE LEVEL CONTROL TEST RESULTS

Noise l.evel (dB}?

Freq. Limit S/N 8080 10E S/N 810011E
(H2) | {dB) 1 2 3 | 4 1 2 3 | 4
320 95 80 89 88 | 88 91 91 87 | 88
400 95 91 91 88 | 66 91 90 86 | 80
500 95 90 91 87 | 87 89 88 83 | 83
640 96 89 90 86 | 86 87 87 83 | 84
800 95 87 87 81 81 85 84 77 | 80
1000 90 82 83 74 | 74 80 79 73 | 74
1250 86 80 80 72 | 73 77 78 72 | N
1600 86 83 82 80 | 82 80 82 80 | 77
2000 90 87 87 85 | 87 87 86 84 | 84
2500 90 84 85 83 | 83 84 84 82 | 82
3200 85 84 84 84 | 83 85 85 83 | 83
4000 90 75 77 73 74 76 77 73 | 73
5000 86 81 83 72 | 76 82 83 74 | 73
6400 85 892 | 912 76 75 912 902 78 | 76

TTolerance + 2 dB

Test Condition 1 —- 25 psig, Standard System
2 — 120 psig, Standard System
3 — 25 psig, Personnel Hose Assembly
4 — 120 psig, Personnel Hose Assembly

20ut of Specification

While maintaining a zero flow condition at sea 'evel, a pressure of 150 psig was applied to the
inlet of both regulators for 3 minutes. Results were satisfactory, as outlet pressure measured (1.3
in H20) did not exceed the maximum of 2.6 inches of water allowed.

Post overload outlet pressures were measured and are presented in Table 13. A definite shift in
outlet pressure was evident with S/N 11E, which was initially low at 15 psig wus then well within
specification with an inlet pressure as low as b psig. Although minimum regulator supply pressures
at altitude on the AV-BA will not fall this low, additional tests were added at 5 psig to evaluate
regulator performance in the event supply pressures available on future aircraft approach this design
minimum. S/N 10E has also shown outiet pressures within specification at 5 psig while still out of
specification at 120 psig. Additional testing revealed that 10E would remain within specification at
maximum inlet pressures of 85-95 psig, depending on aititude. The direct cause of the positive shift
in outlet pressure is not known. Effects of overload such as clearing of bleed ports, readjustment of
aneroid seating, etc. are possible.
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High Temperature

The breathing regulators were subjected to high ambient temperature testing in accordance
with MIL-R-81653 (AS). Each was conditioned at a temperature of 160°F for a period of three
hours, After conditioning, and while at 160°F, outlet pressure tests were conducted, Tolerances of
+1,0 inch of water were added to outlet pressure limits to allow for any aneroid callbration shift,
Results for each regulator are presentad in Table 14. The only out of ‘normal’ specification values
were found with S/N 10E with an inlet pressure of 120 psig.

After stabilization at room temperature, outlet pressure was again checked on each regulator,
the results of which are presented in Table 15, Above specification maximums were again measured
on S/N 10E at 36000 feet or above with an inlet pressure of 120 psig. Below specification minimum
values were measured on S/N 11E at 36000 feot with an inlet pressure of 15 psig. Post high temp-
erature bleed flows were measured as follows: 5/N 10E - 540 cc/min; S/N 11E ~ 386 cc/min,
Demand valve leakage tests were satisfactory for each regulator with an inlet pressure of b psig.
Discrepancies were evident when tested with 120 psig, as outlet pressure increased from 1.45 to
1.60 inches of water on §/N 10E and from 1.30 to 1.40 inches of water on S/N 11E after the five
minute period.

Low Temperature

The breathing regulators were subjected to low ambient temperature testing in accordance
with MIL-R-816863 (AS). Each was conditioned at a temperature of -65°F for a perlod of three
hours. After conditioning, and while at -66°F, outlet pressure tests were conducted. Again, toler-
ances of £ 1.0 inch of water were added to outlet pressure limits. Results for each regulator are
presented in Tably 16. Although all values measured are within specification limits with the toler-
ances added, out of normal values were evident with 8/N 10E with an inlet pressure of 120 psig,
and with S/N 11E with 15 psig inlet at 36000 and 40000 faet.

Aftar stabllization at room temperature, outlet pressure was again checked on each tegulator,

the results of which are prasented in Table 17. Above specification maximums were evident with
S/N 10E, while below specification minimums were measured on S/N 11E with an inlet pressure of
16 psig at 36000, 40000 and 45000 feet. S/N 11E has also shown a downward shift of outlet pres-
sure at all altitudes with an inlet pressure of 18 psig when compared with post high temperature
values measured. Post low temperature bleed flows were found to be 440 cc/min for /N 10E and
175 cc/min for S/N 11E. Discrepancies were again evident with demand valve leakage testing, as
both regulators shuwed an increase of 0.1 inches of water with an inlet of 6 psig. S/N 10E decreased
by 0.3 while S/N 11E increased by 0.2 inches of water outlet pressure when tested with an outlet
p}r?;gum of 120 psig after the five minute period.
“  The discrepancies evident with S/N 11E resulted in a return of this regulator to the vendor
for analysis. Aneroid disassembly revealed three scratches in the seat, which coupled with the de-
crease in bleed flow, which resulted in the outlet pressure shift downward. The cause of the scratch-
es is not kinown, as inlet (screen) and outlet {noise suppression) filters should preclude the entrance
of foreign material. Bleed flow was increased to 385 cc/min and the aneroid recalibrated. The seat,
howaever, was not replaced or repaired.
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Table 14

BREATHING REGULATOR HIGH TEMPERATURE OUTLET PRESSURES

Serlal Number 10E

Outiet Prassure {inches of water)
Test Spec,
Limit 5 psig 10 psig 15 puig 25 pslyg 120 pig
‘l\rl‘ﬂ,;“d: (inches of
e watar) Flow (Ipm) Flow Flow Flow Flow
0 650 0 80 0 70 100 0 100 0 100
Sea Level 0.86 0.00 1.00 | -0.36" X X X 1.00 1.10 1.20 148
30,000 O0ta 26 X X X X 0.70 0,70 X X X 1.40 1.10
36,000 26t B8 X X X X 438 X 440 X X 5.88 8,70
40,000 7.0t0 1.5 X X X X 940 B.26 X X X 10.78 1066
45,000 12.0t017.0 X X X X 14,60 X 1488 X X 13.00 16886
60,000 16,0 t0 21,0 X X X X 18.85 X 1870 | X X 20,16 20,00
*Cut of spacifieation; 1,00 inches of water with inlet pressure increased to 11 psig.
Serial Number {1E
Qutiat Pressurs {inches of water)
Tart Spec,
Limit 6 paig 10 polg 18 poly 26 palg 120 pig
?,:“,_fg:’: {1aches of
water) Flow {lpm) Flow Flow Plow Flow
4 60 4] 80 V] 70 100 0 100 Q 100
Ses Level 1.05 100 | 0.95 1,10 X 3 X 1.00 1.08 0.96 Q.80
30,000 Oto 28 X X X X 0.845 0.86 X X X 1.20 1.00
48,000 26t 6.6 X X X X 3.80 » 300 | X X 5.00 480
40,000 70w1its X X X X 8.0 X 8.90 X X 10.00 9.00
45,000 12.0to 17.0 X X X X 1436 X 1438 X X 15.06 14 .86
50,000 15.0 to 21.0 X X X b 3 17.98 X 17.08 X X 19.08 18.78
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[ . * N

11

N




NADC-81198-80

Table 16
BREATHING REGULATOR POST HIGH TEMPERATURE QUTLET PRESSURES

Sarigl Number 10F

Outlet Prassure (inohes of water)

Ton Spea.

Lmit B peig 10 paly 15 paig 26 paly 120 psig

Ilklﬂgud: {inches of
n Fee watsr) Flaw lipm) Flow Flow Flow Flow
0 50 0 80 0 70 100 0 100 0 100
Soa Level 088 | o8n | 075 | -070%] x X X 100 | V.28 1.10 1.18
30,000 Oto 1.6 X X X X 1.00] 0098 X X X 1.80 148
368,000 38t 586 X X X X 4,80 X 480 | X X a.10* 8.10*
40,000 B8.0to 108 X X X X 046 X 78 | X X 11,08¢! 11.08*
45,000 13.0 to 16.0 X X X X 14 .88 X 1490 | X X 16,30* | 18,30*
50,000 16.0 to 20.0 X X b X 18.90 X 1878 | X X 2 203°
*0ut of spacitication,
11,00 inchas af water with Inlet pressurs Increased to 11 paly,
2Graater than 20,3 Inches of water,
' Sarlal Number 11E
Outint Prassurs (Inchas of water)
Tost Speo,

Limit B pelg 10 psig 18 pelg 28 psig 120 psig
‘I\#Ié‘u‘g: {inchus of

water) Flow (lpm) Flow Flow Flow Flow

0 B0 0 80 0 70 100 0 100 0 100

Ses Level 0.88 0.80 1.00 | 080 X X X 110 | 0.80 0.p0 0.78
30,000 Oto 1.6 X X X X 1,10 0.90 X X X 110 1.00
36,000 3.6t0 B.b X X X X 2.05° X 3.00% X X 426 410
40,000 8.0 to 10.5 X X X X 8.10 X 8.10 X X 0.20 890
45,000 13.0 to 16.0 X X X X 13.28 X 13.25 X X 1440 14,186
50,000 16.0 to 20.0 X X X X 17.28 X 17.10 4 X 18.80 1810

* e LA™ ol Wb S 0

*Qut of specification.

P SR ]
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Table 168
BREATHING REGULATOR LOW TEMPERATURE OUTLET PRESSURES

Setrlal Number 10E

Outlet Pressure {Inches of water}
Test Spec,
Limit B pig 10 pilg 18 palg 2% pslg 120 palg
Al\mgude {inches of
n Fast water) Flow {tpm) Flow Flow Flow Flow
| 0 60 0 80 o] 70 100 4] 100 0 100
Sua Lavel © 0.09 0.40 1.06 0.80 X X X 1.00 1.06 1.10 085
30,000 Oto 26 X X X X 118 1.00 X X X 180 1.68
36,000 2Bto 68 X X X X 4.78 X 4488 | X X a.80 840
40,000 70t0116 X X X X 8.80 X 40 X X 11.80 1148
45,000 120t017.0 X X b 4 X 14,90 X 1800 | X X 16.80 18.78
50,000 16.0t0 210 X X X X 19,28 X 1910 | X X 18.78 18.80
Serial Number 11E
g Outlet Prassure {inches of water)
. e,
Tost Limit 8 palg 10 palg 18 puly 28 pelg 120 palg
‘Trl‘“,_!:f: {inchen of
water) Flow {lpm} Flow Flow Blow Elow
[} 50 0 80 Q. 70 100 [} 100 Q 100

Ses Level 1,20 0.80 1.30 1.40 X X X 1.28 1.40 1.00 1.78
30,000 Oto 26 X X X X 1.30 1.10 X X X 1.70 1.80
36,000 28t 85 | X X X X 290 [ x 280 | X X 470 | 445
40,000 70t 116 X X X X 7.80 X 7.80 X X 940 940
45,000 12.0t0 17,0 X X X X 13,10 X 13.18 | X X 1475 12.70
50,000 16.0 to 21.0 X X X X 17.18 X 1730 | X X 1630 16.20
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Table 17

BREATHING REGULATOR POST LOW TEMPERATURE OUTLET PRESSURES

Serial Numiar 10E

' Qutlet Prassure {inchos of water) ]
! Tatt Spea.
| Altituds " L:‘mn ; B plg 10 peig 16 psig 28 piig 120 peig
nches o
In Feat water) Flow (Ipm) Flow Flow Flow Flow
(¢} 50 ] B0 4] 10 100 0 100 0 100
Sen Lavel 08s | 115 | 1,05 | a8k X X X 100 | 088§ 1.05 0.56
30,000 Dto 16 X X X X 106 [ 1.0 X X X 160 1.80
36,000 36ta BE b X X X 480 X 470 | X X 6.96%| 0.26*
40,000 8.0 tn 10.8 X X X X 9.36 X 948 | X X 10.868¢ | 10.80*
N 48,000 13.0 to 168.0 b4 X X X 14.80 X 18,00 | X X 18,20 | 18.36°
50,000 18.0 to 20.0 X X X X 19.26 X 1940 | X X 18.78 | 19.00
k *0ut of sper.iflontion,
Sar{al Numbur 11E
Ovtlet Prossure {inchos of water)
Tast Spec.
Limit & psiyg 10 puig 18 pelg 26 peiy 120 pslg
?,:"g::" (inchen of -
watar) Flow (ipm) Flow Flow Flaw Flow
0 -] 0 80 0 70 100 0 100 V] 100
Sea Luval 1,00 1.06 1.10 110 X b3 X 1.06 1.70° 1.00 145
| S NI PUR—
30,001 Otn 18 X X X X 1.00 0.0 X X b3 1.10 0.98
—
38,000 385t 66 X X X X 2.90* X 288 X X J.60 3.80
40,000 B.0 to 0.5 X .4 X X 7.2G* X 746°%| X X 880 .18
45,000 13.0 10 18.0 X X X X 12.76" X 1276 X X 13.30 13.18
60,000 16.0 to 20.0 X X X X 18 A0 X 18640 | X X 1760 | 17215
i
‘Qut of specitioation,
!
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The ragulator was agaln submitted to high and low temperature testing. High and post high
tamperature outlet pressures are presented In Tables 18 and 19, respectively. The only out of nor-
mal specification valves at high temperature wers found with an inlet pressure of 120 psig, Post high
temperature testing also showed satisfactory performance, with outlet pressures within specification
with B psig and 16 psig at all altitudes and flows. Values for low and post low temperature testing
repeat are presented In Tables 20 and 21, Again, outlet pressures ware found within normal speci-
fication limits at low temperature with & and 15 psig inlet pressures, while post low temperature
testing showed satisfactory performance with 15 psig Inlet pressure at all altitudes and flows. Post
low temperature blead flow was found to be 400 cc/min.

Acceleration

The Breathing Regulator (8/N 10E) was acceleration tested In accordance with MIL-R-81563
(AS). However, the regulator was supplied with oxygen at an intet pressure of 36 psig in lleu of the
50 to 120 specified. Prior to acceleration in each direction, outlet pressure (sea level) was recorded
at 0, 60 and 100 lpm. The 100 Ipm was continued while maintalning the 7g acceleration force.
Outlet pressure was again measurad at 0, 50 and 100 lpm after completion of each axis.

Outlet pressuros measurad during acceleration are presanted in Table 22, with the correspond-
ing accelevation dirsctinns shown in Figure 76, The only significant deviation in outlet pressure dur-
ing acceleration occurred during forces 1 and 2, decreasing end Increasing respectively, which may
be expected as these forces are normal to the diaphragm, Although all outlet pressures remained
within the specification limits of 0-1.5 inches of water and no visible demage to the regulator was

evident, a discrepancy was found with an outlet pressure test at altitude (pressure breuthing) after
all accelaration.

The pre and post acceleration outlet pressures at altitude are presented in Table 23, where
non-repeatability was once agaln evident. From these values, significant draps in outlet pressure (as
much as 2.0 inches of water) wera noted, although only one point (0 Ipm @ 40,000 feet) was out
of tolarance, When it becarme apparent that outlat pressure was degrading even furthar after endur-
ance and storage (as prasented in next section), acceleration testing was repeated after racalibration.

The outlet prassures during the secand attempt are presented In Table 24, with pre and post
acceleration altitude outlet pressures presented In Tables 26 and 26 respectively. The continued
drop in outlet pressure was evident, large enough so that values measured with Inlet pressures as
high as 70 psig (@ 36,000 feet) wero below specification minimum. Once again, the aneroid was
recalibrated and the tests repeated,

Result. “or this third attempt are presented in Table 27 for outlet pressures duting acceler-
ation and in Tables 28 and 20 for pre and post pressure breathing values. Aithough a general trend
of slight drops In outlet pressure was noted after acceleration, the degradation was far less dramatic
than observed in previous attempts. With these rasults considered satisfactory, the second attempt
at andurance was conducted,

Endurance

The Breathing Regulator (S/N 10E) was endurance tested in accordance with MIL-R-81653
(AS). This test consisted of 100,000 breathing cycles at sea level. A cycle rate of 16-18 cycles per
minute, with oxygen supplied at 25 psig, was maintained with a flow rate of 30 lpm for 80,000
cycles, and 90 Ipm for the final 10,000 cycles. Qutlet prassuras at altitude were checked before,
after 64,000 cycles, and atter all endurance testing. These values are presented in Table 30. Inspec-
tion of vaiues measured at 15 psig at 36,000 feet revealed below minimum specification limits after
64,000 and 100,000 cycles. Checks with an Inlat pressure of 5 psig showed a significant drop after
all endurance testing, indicating some deficiency as a result of this test.
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Table 22

BREATHING REGULATOR ACCELERATION QUTLET PRESSURES (FIRST ATTEMPT)

Outlet Pressures (inchas of water)

36 PSIG iInlot Pressure

Qutlet Flows (LPM)

Tost 8pec
Direction Limits Pre Test At7g's Post Test
@ 7g Hg0"
0 50 100 0 50 100 0 50 100
Fq 0-156 1,00 076 | 090 | 030 | 030 026 | 086 | 0.80 0.85
Fa 0-15 1.00 0.75 | 085 1.20 1.20 120 | 096 | 0.86 086
Fa 0-156 | 086 076 [ 0,76 | 080 | 066 066 | 0.86 0.76 0.76
Fq 0-15 | 0.80 080 | 080 | 085 | 080 080 | 080 | 080 0.85
Fg 0~18 | 085 086 | 085 | 075 | 0.7 0.76 080 | 0.80 0.80
F6 0-~15 0.95 0.70 0.86 0.85 0.80 0.80 0.0 0.80 0.85

Figure 76 — Directions of Applied Acceleration

118

R




NADC-81198-60

Table 23

BREATHING REGULATOR PRE AND POST ACCELERATION OQUTLET
PRESSURES (FIRST ATTEMPT)

Outiat Yrassure {inches of water)
Inlat Pressure (poig)
Test Spec. .
Limit 16 pslg (pre) 15 psig {post) 60 pslg (pre; 80 psig (post)
/T"I\“;:dtu {Inches of
° Water) Flow {lpm) Flow (lpm) Flow (Ipm) Fiow (Ipm)
0 70 100 0 70 100 0 100 0 100
30,000 Cto 1.6 1.06 1.10 X 1.00 1.06 X 1.60 1.50 1.80 1.80
36.000 35t0 58 4.60 X 4.70 4.10 X 3.80 6.96 6.26 4,15 4,20
40,000 8.0t 105 9,36 X 940 7.86 X 8.20 10658 i 10,80 280 9.66
46,000 13.0t10 18,0 14.80 X 16,00 13.10 X 1340 16.20 16.36 1440 14 .40
60,000 18.0 to 20.0 15.26 X 1840 17.36 X 17,40 18.786 19.00 1830 17,70

Table 24
BREATHING REGULATOR ACCELERATION OUTLET PRESSURES (SECOND ATTEMPT)

Cutlet Pressures {inches of water)
35 PSIG Inlet Prassure
QOutlet Flows (LPM)
T Spec
. est Limits Pre Test At7g’s Post Test
Direction HoO'!
2
0 50 100 0 60 100 0 50 100
Fq 0--156 0.90 1.10 140 | 050 | 060 0.80 1.00 1.20 1.30
Fa 0—-16 136 120 1.36 1.3b6 160 1.90 1.16 1.20 1.60
Fg 0-15 138 1.20 1.30 0.95 1.00 140 1.00 115 1.60
Fq 0-156 0.96 140 1.80 1.00 130 1.80 1.10 1.30 1.78
Fg 0-156 1.06 1.20 1.40 1.06 1.20 166 1.10 1.30 160
Fg 0-156 1.00 1.20 140 1.00 1.16 140 1.10 1.20 140
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Table 27
BREATHING REGULATOR ACCELERATION OUTLET PRESSURES (THIRD ATTEMPT)

Outlet Pressures (Inchas of water)
Test LS:::ES 36 PSIG Inlet Pressure
Dirgction Ho0"
Outlat Fiows (LPM)
Pra Test At7g's Past Taest

0 L) 100 0 50 100 0 50 100
Fiq 0-16 | 085 100 | 080 | 0865 | 030 0256 | 085 | 1.00 0.56
Fa 0-156 1.00 100 | 076 1.36 1.26 130 | 080 | 1.00 0.80
Fg 0-15 | 080 080 | 060 | 100 | 080 070 | 095 1.00 0.66
Fq 0—-16 ( 080 085 | 070 | 085 | 085 0co ( 0@ | 1.00 0.70
Fg 0-156 | 086 080 | 086 | 1,06 | 000 0B85 | 0856 | 1.00 C.76
Fg 0-156 | 080 100 | 0,70 | 096 | 085 095 100 | 1.10 0.80

When an outlet pressure check was conducted after one week of storage (no testing conducted
in this period}, an even further shift downward was evident, so much that outlet pressures were be-
low minimum with 15 pslg at 36, 40 and 45,000 feat for all flows and below minimum with 70
psig at 36,000 feet for all flows. This trend (downward shift) was believed to have initiated during
acceleratior testing. With acceleration testing repeated and successful on the third attempt, endur-
ance test.1g was also repeated. Outlet pressure checks (Table 31) revealed good repeatability and
within specification values with low inlet pressures. Demand valve leakage testing was also success-
ful after endurance (no change in five minute period), and bleed flow found to be 540 cc/min.

Vibration

The sinusoidal vibration test of MIL-R-B16563 was repiaced, due to airframe mounting, by
random vibration in accordance with MIL-STD-810C. One regulator (S/N 11E) was tested in accord-
ance with Procedure | A, Equipment Category b.2. The power spectral densitites, variable frequency,
and overall G rms for the test, based on use for 2000 missions and cabin |ocation, were as follows:

Functional Endurance
Test Test
G2/Hz (PSD) 0.04 2033
F var (Hz) No inflection 88.6
G rms (G) 7.7 16.6
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Table 30

BREATHING REGULATOR PRE AND POST ENDURANCE TEST OUTLET

PRESSURES (FIRST ATTEMPT)

Outiet Prassure {in H20) Pre-Endurance

Al‘tri:;‘de . Eﬁ;?' B psiy inlet 10 pslg 15 psig 28 palg G pslg
in Faat W:";r)of Flow {ipm} Fiow Flow Flow Flaw

0 25 50 0 80 0 100 1] 100 o 100
Sea Laval 1.06 | 0.80 1.00 1.00| 036 X X X 1.00] 085 | 1.10 0.80
30,000 Ota 1.6 |1.00; 080 085 X X 1.00 106 | X X X 1,60 | 1.80
36,000 3851w BB | X 3.80 .70 X X 4.10 X 3.90 X X 415 | 4.20
40,000 B.0to 106 | X 7.70* 1.70* X X 7.85* X 8.20 X X 880 | 9.66
45,000 [13.0to16.0 | X |[12.80*| 12.85" X X 13,10 X |1340 X X [14.40 | 1440
50,000 |16.0t10200 | X |17.10 1710 X X 17.36 X 1740 X X 18,30 |172.70

Outlet Pressure {in H20) Post 64,000 Cycles

Aot Spac, 6 psig Inlet 10 paig 16 paig 26 pilg 60 puig
in Feet “w:'::rf' Fiow {lpm) Flow Plaw Flow Flow

i 25 50 0 80 0 70 100 0 00| 0 100
Sea Level 0080| 080 1,10 | 1.00§ 110 X X X 1.06|140 | 1.00 | 1.30
30,000 Oto 16 | X 0.95 0.85 X X 0.80 106 | X X 1101 1,26
36,000 36to 656 | X 2.46* 240*| X X 2,756¢ X 3.00%| X X 3,56 | 3.60
40,000 80to106 | X 7.86*| 8,00 X X 8.00 X 8.10 X X 8.80 | B.80
45,000 13.0 to 16.0 X 13.00 12.80* X X 13.20 X 13.25 X X 13.80 | 13.78
50,000 | 18,0t0 200 | X |17.00 16.90 X X 17.26 X |1740 X X |17.76 } 17.86

Outlet Pressure (in H20) Post 100,000 Cycles
Test Eﬁ:"f( 6 palg Inlet 10 psig 18 pslg 26 paig 60 psig
o Fest | finches of Flow (Ipm) Flow Fiow Flow Flow
Water)

4] 25 60 0 80 0 70 100 0 100 0 100
Sea Levael 098 | 0.80 120 | 1,10 1.06 X X X 1101120 { 1,10 | 1.20
30,000 Oto 16 | X 1.00 1,086 X 1.10 116 X X 1,20 | 140
38,000 35t 65 | X 225 | 240*| X X 3.00* | X 330 X X 350 | 340°
40,000 80t 106 | X 4.86*| 4.00*| X X 8.00 X 8.00 b X gA0 | B.70°
45,000 [13.0t0 160 | X 8.55° 8.08*| X X 13.30 X [13.30 X X |14.40 | 13.95
50,000 16.0 t0 20.0 X 10.66* | 10,20* X X 1735 X 17.36 X X 17.80 | 17.85
*Qut of specification.
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G lavels for both the functional and endurance levels are based on a test time of one hour in each
of the three major axes. The vibration aschedule employed was tharefore as follows:

Test Axis Time Level

- {(Hrs) (G rms)
Functional Vertical 1/2 7.7
Endurance Vertical 1 16.6
Functional Vertical 1/2 7.7
Functional Lateral {Side to Side) 1/2 7.7
Endurance Lateral 1 16.5
Functional Lateral 1/2 7.7
Functional Longitudinal (Front to Back) 1/2 7.7
Endurance Longitudinal 1 16.5
Functional Longitudinal 1/2 7.7

In preparing this regulator for vibration, a set of outlet pressures was taken as basaline data.
Values mesasurad at 15 psig were again low at 36 through 50000 feaet. Increasing and decreasing in-
fet pressure and altitude once again revealed non-repeatability, where deviations of 1.0 te 2.0 inches
of water were revealed. In order to prevent erroneous conclusions (drops in outlet pressure due to
vibration) an aneroid inspection was made. No new scratches were evident and bleed flow was
found normal, The aneroid assembly was reinstalled, and all outlet pressures were found to be
within specification at 15 psig with good repeatabllity (within .6 inches of water) evident. This
phenomencon revealed the apparent high sensitivity to correct anerold placement within its housing.
A sat of outlet pressures was measured (with 8 maximum inlet pressure of 80 psig) as baseline data
and are considered previbration values.

During functional tests, the regulator was supplied with oxygen at 25 psig, a flow of 10 Ipm
drawn from the regulator, and outlet pressure (in H20) monitored continually (at the outlet of the
CRU-60/P connector), Figure 77 shows each of the three vibration axes, bassd on location in the
AV-BA. All testing was conducted with the regulator mounted on a modified East/Waest bracket
(Figure 78) to Insure steadiness.

Results of functional testing showed a constant outlet pressure of .86 inch H20. A sat of out-
let pressures at altitude was taken before the start of vibration, and after completion of each axis.
-1.0 inch of water tolerance placed on minimum values. Rasults are prasented in Table 32, From
this data, drop in outlet pressure can be seen after vibration in the first {vertical) axlis, on the order
of one inch of water at 156 psig inlet pressure. An outlet pressure check after the second (lateral)
axis revoals the same decrease in outlet pressure, with a slight increase in valves measured at 16
psig. All pressures measured at 16 psig are within specification limits after all vibration, No cracks
or deformations were evident in the body of the regulator, while slight wear was evident in the
bracket slots which mate with the reguiator pins,

Noise Level Repeat

Nolise level testing was repeated on both regulators — S/N 10E, after acceleration and endur-
ance and S/N 11E, after vibration testing. Results for the standard system and personnel hose
assembly are presented in Table 33. Both regulators have again shown excesgive dB levels at 6400
Hz with the standard system and, for the first time, excessive levels at 3200 Hz, All values using
the personne! hose assembly are within specification, with the large drop in noisa levsl still evident
at 5000 and 68400 Hz.
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Table 32
OEAS BREATHING REGULATCOR VIBRATION QUTLET PRESSURES

Tost Eﬁ:‘f‘ tniat Pressura :
ml‘uptg:to “n‘ﬁ;:;r?f B palg 10 pslg 15 prlg 25 palg 60 mig
o] 2 | s0 | o s | o | 0] 100 | o | 100 [ 0 |[100
Pre Vibration
Sua Level 1.0 86 1.0 ’—FB .80 X X X 1.3 1.3 13 11
30,000 Oto 18 X X 96 X ):— 1.16 1.0 X X X 1.3 1.16
36,000 26to 6.8 X 3.7 X X X 38 X 4.0 X X 466 | 4.4
40,000 7.0 to 106 X 8.2 X X 9.2 X 8.7 X X 9.6 9.4
45,000 12.0 to 18,0 X X X X 14.2 X 14,08 X X 14,7 148
50,000 16.0 to 20.0 X X X X 183 X 18.c X X 190 |18.1
.
Post Vertical Axls
Sea Luval 1.00 0.80 1.26 0088 | 100 X X X 1.00 | t.00 1.00 | 0.80
) 30,000 Oto 1.6 X 0.96 0.85 X X 1.10 0.98 X X 126 | 088
' 38,000 25to 2.6 X 2,60 288 X X 318 X 299 X X 3.86 | 3.60
40,000 7.0t 108 X 7.85 7,00 X X 8.06 X 8,00 X X 846 | B.60
45,000 120t0 180 | X 12,70 13.00 X X 13,80 X 13.28 X X 1340 (123.60
50,000 15.0t020.0 | X 17.10 17.36 X X 17.40 X 17.00 X X 1780 117.860
Past Lateral Axis
‘ Sea Lovel 1.00 D.90 0.98 086 | 076 X X X 085 | 085 1.06 | 0.96
30,000 Oto 16 X 0.80 0.80 X X 1.26 088 X X X 130 | 1.10
36,000 26to B.b X 3.26 3,16 X X 3.36 X 3.26 X X 408 3.85
' 40,000 70t0 106 X 6.06 740 X X 840 X 8.60 X X 8,70 | 9.00
46,000 12,0 to 16.0 X 12,60 13.66 X X 13.88 X 13.70 X X 14,08 |13.96
50,000 16.0 to 20,0 X 14.90 18.00 X X 17.45 X 17.86 X X 1840 {18.10
Post Vibration
Sea Lavel 0.90 0.78 1% [ 116 095 X X 125 | 100 1.10 | 1.00
30,000 Dto 15 X 0.80 0.80 X X 1,10 0.76 X X 140 1.16
36,000 26to 66 | X 3.26 3.30 X X 3.80 X a.86 X X 420 | 4.20
{ 40,000 7.0t0 10,56 X 8.40 8.26 X X 8.60 X 815 X X 870 | 9.00
46,000 120t018.0 | X 12.70 13.00 X X 1366 X 13.60 X X 14.40 |14.26
60,000 16,0t020.0 | X 16.70 16.76 X X 17.60 X 1718 X X 1785 |18.00
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Table 33
BREATHING REGULATOR NOISE LEVEL CONTROL TEST (REPEAT) RESULTS

Noise Level (dB)!

req. Limit S/N 80810E S/N 910011E

Hz) (dB) 1 2 3 4 1 2 3 4
320 06 90 91 80 80 88 88 86 86
400 96 %) 91 88 89 87 87 84 86
500 9% 89 88 87 88 84 84 3] 82
640 96 | 0 87 | o8 Ba 84 81 | &3
800 96 36 B84 8n | 82 80 81 77 | 78
1000 90 78 78 74 74 78 78 73 73
1250 86 78 77 74 73 76 76 73 73
1600 86 a6 88 B2 82 85 86 81 82
2000 90 87 86 "84 84 87 a7 83 84
2600 | 00 87 88 83 83 T 89 83 83
3200 B85 802 802 84 B84 902 892 84 84
4000 90 80 81 76 75 82 82 75 76
5000 86 79 82 7 70 83 7% 70 70
6400 88 812 962 75 76 922 pe2 77 77

1Tolarance £ 2 dB

Test Conditlon 1 - 26 palg, Standard System
2 — 120 pslg, Standard Syatem
3 ~ 25 psig, Personnel Hose Assernbly
4 — 120 psig, Personnel Hose Assambly

20yt of Specitication

Underwater Breathing

Underwater breathing was conducted on one regulator (S/N 11E) in accordance with MIL-R-
81563 in its chest mounted cunfiguration (hard hose, A-13A mask). The personnel hose assembly
was not employed as there will hevar be a need for the regulator, in its aircraft mounted configur-
ation, to operat while submerged (an aircraft ditch will preclude OEAS operation and breathing
gas to the primary regulator).

The regulator showed satisfactory operation while at a depth of 18 feet in both upright and

inverted positions, although some difficulty in exhalation was evident, The regulator (as expected)
showed arratic operation after the exposure,
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Summary

Results for the Breathing Regulator testing program can be summarized as follows, with the
tasts for each regulator presented in chronological order:

Qutlet Pressure (Initial)

S/N 10E — Within spacification limits with 15 psig, above specification maximum with 120
psig inlet prassura.

S/N 11E — Within specification limits with 120 psig, below specification minimum with 15
psig intet pressure. Non-repeatability (deviations of up to 1.0 inches of water) evident.

Demand Valve Leakage (S/N 10E, 11E)

No change in outlet (safety) pressure after 5 minute period,

Body Leakage (blead flow)

8/N 10E — 450 cc/min; 8/N 11E - 250 ce/min,
Naise Level (8/N 10E, 11E)

Above specification values for both regulators at 6400 Hz in chest mounted corifiguration, In
specification for both regulators utilizing the personnel hose assembly.

Overload (Inlet and Qutlet) (S/N 10E, 11E)

Results satisfactory.
Post Overload
Shift in outlet pressure from values measured initially.

S/N 10E -~ Within specification with b psig, above specification maximum with 120 psig inlet
prossure,

. S/N 11E — Within specification at all Inlet pressures (6 to 120 psig).

High Temperature (Outlet Pressure)

S/N 10E - Within specification values measured with inlet pressures of 15 to 120 psig with
tolerance of £ 1.0 inches of water addnd to outlat pressure I!mits,

S5/N 11E — Within specification values measured with inlet pressures of 16 to 120 with no
tolerances added.

Post High Temperature

S/N 10E — Qutlet pressures within specification at 15 psig, above specification maximum with
120 psig inlet pressure; Bleed Flow — 540 cc/min; Demand Valve Leakage — Increase of .16 inches
of water with 120 psig inlet pressure,

130

| e A i i g AT A I AR Ly A e

R A

L

—



NADC-8119860

S/N 11E — In specification with 120 psig, below specification minimum (at 36,000 faet)
with 16 psig Inlet pressure; Bleed Flow — 386 cc/min; Demand Valve Leakage — increase in .10
inches of water with 120 psig inlet pressure.

Low Temperature (Outlet Pressure)

S/N 10E — OQutlet pressures in specification with 16 psig inlet pressure with no tolerances
added. In specification values with 120 psig Inlet pressure with 1.0 inch of water added tc maxi-
mum limit,

S/N 11E — OQutlet pressures in specification at 15 psig inlet pressure with 1.0 inch of water
tolerance placed on minimum limit. In specification with 120 psig inlet pressure with no tolerance
added.

Post Low Temperature

S/N 10E — Outlet pressuras within specification at 15 psig, above specification maximum with
120 psig inlet pressure; Blead Flow — 460 cc/min; Demand Valve Leakage — increase of .10 inch
of water with b psig, decrease of .30 inchos of water with 120 psig inlet pressure.

S/N 11E — Qutlet pressures below minimum with 16 psig, within specification with 120 psig
Inlet press.'re; Bleed Flow — 175 cc/min; 100 cc/min after 4 day storage; Demand Valve Leakage —
increases of .10 and .20 inches of water with inlet pressures of 5 and 120 psig respectively.

Regulator returned to vendor.

High Temperature (Repeat} (S/N 11E)

Outlet pressures in specification with inlet pressuras of 5 and 15 psig with no tolerances added.
Within specification with 120 psig and 1.0 inch of water tolerance added to maximum limit.

Post High Temperature (Repeat) (S/N 11E)

Outlet pressures within specification with inlet pressuras of 6 and 16 psiy, above specification
maximum with 120 psig; Bleed Flow — 390 cc/min.,

Low Temperature (Repeat) (S/N 11E)

QOutlet pressure within specification with inlet prassures of 6 and 15 psig with no tolerances
added. Out of specification with 120 psig.

Post Low Temperature (Repeat) (S/N 11E)

Outlet pressure below specification minimum with 6 psig at 60,000 feet, within specification
with 15 psig, and above specification with 120 psig inlet pressure; Bleed Flow — 400 cc/min.

Acceleration (S/N 10E)

Satisfactory results during acceleration. With post acceleration outlet pressure test, decline in
values with B and 156 psig, within specification with 120 psig inlet pressure; Blesd Fiow — 440 cc/
min.
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Endurance {S/N 10E)

Drop in outlet pressure with low inlet pressure evident with mid and post endurance tests;
Bleed Flow — 600 cc/min; Demand Valve Leakage satisfactory,

Regulator returned to vendor after further drop in ousiet pressure after one week of storage.

Acceleration (Second Attempt) (S/N 10E)

With the aneroid assembly recalibrated, acceleration repeated. Although results during acceler-
ation were satisfactory, large decline in outlet pressure evident with post test check. Below mini-
mum values measured with 70 psig.

Regulator returned to vendaor,

Acceleration {Third Attempt) (S/N 10E)

Satisfactory results during acceleration. No decline in outlet pressure with post test check,
with values at 90 psig above specification maximum,

Endurance (Rapeat) (S/N 10E)

Within specification values with post endurance outlet pressure check with 5 psig, some values
above maximum limit with 90 psig inlet pressure; Bleed Flow — 540 ce/min; no demand valve
leak age.

Vibration (S/N 11E)

Prlor to test initiation, aneroid assembly removed and cleanad due to non-repeatability at
altitude. Test successful with outlet pressure test after each axis with tolerances of + 1.0 inch of
water added to specification limits,

Noise Level Repeat {S/N 10E, 11E)

Above specification levels for both regulators at 3200 and 6400 Hz in chest mounted config-
uration. In spacification for both regulators utilizing personnel hose assembly,

Underwater Breathing (S/N 11E)

U TR N el e e

Results satisfactory with chest mounted configuration utllized.

PERFORMANCE MONITOR

Results for the (VEAS Parformance Monitor developmental test program are as follows, based
on the data presented In reference 24.

Individual Tests

The following are individual tests conducted to verify normal performance as acceptance tests
and as a means of evaluating the effects of environmental stress testing.
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Operation &t Sea Lavel and Press-to-Vent — With 100% oxygen supplied at 26 psig, the monitor
output (digital voltmater) reading shall be between 2.85 and 3.00 volts at sea level after a warin up
t:me of 15 minutes. This corresponds to a measure of partial pressure through a conversion factor
of approximately 3.9 millivoits/miliimater of mercury (example: 2960 mv/3.9 mv/mm Hg = 7566
mm Hg). Any calibration/adiustment is made with the gain potentiometer.

With 100% oxygen supplied &t 7 psig, the press-to-vent button is depressed and the warning
light is activated within a period of 20 seconds. The warning light on occurs at 220 * 10 mm Hg
(0.858 mv or 29% oxygen at sea level). Some hysterisis is evident with the warning off point, w'
is limited to a maximum of 20 mm Hg higher than the activation point {0.936 mv or 31.7% ox-
ygein).

Inlet Gas Supply — With a pressure of 4 psig applied to the inlet of the performance monitor,
sample gas flowrate is & minimum of 0.2 Ipm. With inlet pressures of 25 and 70 psig, sample flow-
rates are approximately 1.0 Ipom and 2.0 lpm, respectively.

Operation at Altitude — Operaticnal tests are conducted at 10,000, 20,000, 30,000, 40,000 and
50,000 feet in order to verify performance in accordance with Figure 17.

Leakage — With & psig applied to the inlet and the altitude compensation valve sealed, monitor
lnakage will not exceed 10 ce/min.

Cverpressure -

The performance monitor shall ba capable of withstanding an intarnal pressure of 75 psig
with no damage.

Operation at Altitudi

The performance monitor was subjected to altitude testing at standard temperature in order
to chack warning activation points at 10, 20, 30, 40 and 5G,000 feet. The minimum (210 mm Hg)
and maximum (230 mm Hg) warning activation points ara presented in Table 34 and Figure 79.
Maximum deactivation (after warning light activation) values are also presented. Due to sensor
hysterisis, this value can reach a marimum of 260 mm Hg (20 mm Hg above warning). With warn-
ing activation at 230 mm Hg 2t 28,000 feet or above, warning deactivation is impossible if maxi-
murn hysterisis limits are exhibiied. These values also show that, due to a maximum of 856% oxygen
from the maolecular sieve concentrator, warning activation must occur at a maximum level of 86.9%
oxygen (214.6 mm Hg) for warning deactivaticn capabiiity at 28,000 feet or above with maximum
hysterisis. {f warning activadon occurs at 93,1% oxygen, any hysterisis in deactivation cannot ex-
coed 4.6 mm Hg.

The perforrnance monitor (S/N 009E) showed satisfactory performance with respect to warn-
ing accivation/deactivation at altitudes up to 30,000 feet, However, while conducting a warning
tast at 40,000 feet, an cutput voltage of -4.66 volts was displayed with an input of 100% oxygen.
Returning the monitor to sea level showea an output of -2.62 volts. Power supply and set up
changes revealed the same result. An operational check approximately 24 hours later again dis-
played -2.62 volts, although output returned to normal after one hour of operation with 28 VOC
and 100% oxygen supplied at 25 psig. The monitor was returned to 40,000 feet for two hours in
order to rep2at the negative output phenomencon. When normal operation was maintained, the
altitude test was repeated, the results of which are presented in Table 35, which includes the results
for 8/N 010E, successfitl on its first attempt.
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Table 34

OEAS PERFORMANCE MONITOR WARNING ACTIVATION/DEACTIVATION LIMITS

Percent Oxygen
Altitude
(Feat) Warning Deactivation Warning Deactivation
Minimum1 Maximum?2 Maximum3

Sea Lavel 276 303 329

10,000 40.2 440 47.8

20,000 60.1 669 7186

30,000 856.0 B3.1 4

40,000 85.0 93.1 4

50,000 86.0 93.1 4

1Equivalent of 210 mm Hg (0.815 volts)
2gquivalent of 230 mm Hg (0.882 volts)

3250 mm Hg (20 mm Hg above maximum warning)
4Warnlng light activation with 100% oxygen possible

OEAS PERFORMANCE MONITOR WARNING ACTIVATION/DEACTIVATION
VALUES AT ALTITUDE

Table 36

Altitude Voltage st 100 Warning On? Warning O3
(Fost) Percent Oxygen ! SIN 009E S/N 010 §/N DO9E S/N 010k

S/NOOE  S/NOIOE | Vols %Op | Volts %03 | Voin %09 | Vois %03
Sea Level 2,983 2860 0860 | 202 | o@7e | 207 | 0860 302 | 0807 | 307
10,000 2,022 2,080 0.875 | 43.1 0902 | 445 | os80 439 | 0008 | 4.7
20,000 1,388 1,389 0.882 | 665.1 0802 | 659 | 0895 88.1 00564 | 704
30,000 0.991 0.950 0877 | 915 | 0847 | BBA | 0.008 44 | 00820 | 880
40,000 0.984 0.967 0870 | 008 | 0881 | 888 | 0888 928 | o928 | se.8
50,000 0.906 0.067 0867 | 908 | 0834 | 870 | o019 959 | 0927 | ee.7
VLimity at van level 2,85 — 3.00 valts,
2Limits 0,815 — 0.892 voles (210 — 230 mm Ha),
IMaximum 0.080 volts (20 mm Hg) above on,
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Out of specification values ware evident with S/N 010E on warning activation at 10,000 faet
(232.6 mm Hg) and with excessive hysterisis to warning off at 60,000 feet (24 mm Hg), And, as
mentioned previously, both monitors showed a hystetisis excessive enough to exceed the 896%
oxypen maximum deliverable by the molecular sieve concentrator.

High Temperature

The performance monitor (S/N O08E) was high temperature tested at an ambient temperature
of 160°F. After conditioning for three hours, and while still at 160°F, the monitor was subjected
to operation at sea level and press-to-vent tests. Although activating and deactivating the warning
light within specification limits and activating the signal in 7 to 8 seconds with a press-to-vent tast,
a calibration shift was measured with 100% oxygen. The monitor output had climbed to avalue of
3.24-3.26 volts (3.00 maximum allowed), after calibration at 2,95 volts, With a return to standard
ambient temperatu:e, output again rahged from 3.2 to 3.29 volts with 100% oxygen with a press-
to-vent test warning occurring In 26 to 63 saconds. Although the percent oxygen may be slightly
out of tolarances at sea level, the variance bacomes critical at altitude (e.g., a warning activation of
0.859 volts with a calibration reading of 3.296 volts translates to an activation with 80.2% Q2 at
28,000 feet or above). Whean it was revealed that the sensor tip delivered had not gone through a
routine ''hake out’’ on manufacture (. procedure for high temperature exposure and recalibration
to prevant future shifts), the high temperature test was repeatad after recalibration to 2.96 volts.

_Operational tests at standard temperature after recalibration showed within specification
values with raspect to warning activation/deactivation, although activation time ranged from 18 to
b1 seconds with a press-tovent test. Operational checks with test repeat at 160°F again revealed
axcessive voltage with 100% oxygen (approximately 3.1 volts) and warning actlvation in 4 to 6
seconds. The actlvation point was also found to be above the maximum allowed (236 mm Hg).
Upon return to standard temperature, axcessive output voltage was still evident, Warning activation
octcurred at 22 saconds and was within specified limits. Monitor leakage was found to be zero with
sample rates measured as 250 and 760 cc/min with Inlet prassures of 4 and 26 psig, respectively.
Recalibration to 2,95 volts was agaln made, with warning activation occurring In 18 seconds and
within specifled limits.

High temporature testing was repeated as it became evident six hours of sensor ""bake out”
were not sufficient in preventing a calibration shift (an accurate temperature/time combination
could not be supplied by the vendor), Calibration at high temperature had again shifted to slightly
higher than 3.0 volts at 180°F in the third attempt, with warning activation in 8 to 10 seconds and
within acceptable limits. However, a return to standard temperature revealed a rise to approxi-
mately 3.3 volts, with warning activation occurring in 128 seconds. Inlet flows and leakage were
again satisfactory. Recalibration was again made with warning activation occurring in 34 seconds.

A fourth three-hour attempt at high temparature was made. The calibration point, however,
had shifted downward to 2.81-2.82 volts at 160°F, with warning activation occurring in 13-24
seconds. A return to stundard temperature revealed a rise to approximately 3.0 volts, with warning
activation unattainable. With air supplied to the monitor at 26 psig, the lowest output voltage
attainable was 0.960 volts, which is above the maximum warning activation point (0.892 volts),

The only condition which allowed warning activation was supplying pressurized nitrogen to
the monitor. Althouyh the activation point was satisfactory (0.878 volts), the lowsest voltage reach-
ed was 0.432 volts. A defective sensor was suspected, as maximum voltage was 100% nitrogen is

approximately 3 millivolts. Again, warning circuitry appeared satisfactory as activation/deactivation
values were within acceptable limits.
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The defective sensor was confirmed with return of the unit to the vandor. Previous tip expaos-

ure to electromagnetic interferance/radiated susceptibility testing (the details of which are pre-

santed later in this saction) combined with repeated high temperature exposure were the apparent
causes for sensor destruction. After radiated susceptiblility testing to B0 volts/meter, however,
output voltage was found to be 1-2 millivolts with 100% nitrogen. This degradation is also reflected
in the excessive times measured for warning activation with a press-to-vent test,

After sensor replacement {a tip already subjected to ’bake out’), initial acceptance tests were
conducted. Inlot flowrates were found to be 226 and 860 ce/min for inlet pressures of 4 and 25
psig, respectively, and overpressure testing was satisfactory, However monitor leakage was found to
be 60 cc/min (10 maximum allowable}. Removal of the knurled sensor cover revealed a broken ‘‘Q”
ring, apparently the result of carelessnaess on assembly. With ring replacement, leakage was found
to be zero. A second fallure was evident with a press-to-vent test, With the button fully depressed,
no change in output voltage was made (no venting), The monitor was returned to the vendor for
analysis, where inspection revealed an overtravel of the assembly plunger which eventually ‘‘bot-
tomed out’ on the electronics module, thus precluding any venting. This phenomenon resulted in
a Class | design change, with placement of a washer under the press-to-vent button, preventing
overtravel. This anomaly also appears to have had a bearing on previous press-to-vent tests, where
varying times to activation were recorded, largely dependent upon how the button was depressed.

High temperature testing was again attempted after all repair. Qutput voltage (calibration
point) rose slightly with warning activation occurring within acceptable limits and under three
seconds with a press-to-vent test. Return to standard temperature showed the calibration paoint
slightly above 3.0 volts with warning activation in 13 to 17 seconds and within specification values.

The data which summarizes the events of all high temperature testing is presented in Table 36.

Low Temperature

The performance monitor (S/N O09E) was low temperature tested in accordance with MIL-
STD-810C, Method 502.1, Procedure |. However, exposure time was |imited to a period of 3 hours
and minimum temperature to 40°F. No calibration shift was evident during the 3 hour exposure,
with warning signal on/off occurring within specification limits. However, with six press-to-vent
tests conducted at 40°F, a lag was evident with warning activation, occurring from a minimum of
38 seconds to a maximum of 57 saconds (20 allowed). With a return to and stabilization at room
temperature, the monitor showed correct warning activation with a press-to-vent test and no devi-
ation in calibration point with 100 percent oxygen (2.95 volts).

The monitor was also subjected to a two hour cold soak at -85°F. Supplying power and 100
percent oxygen to the monitor at the end of this period revealed inability of operation, with an out-
put of approximately 90 millivolts (and warning light activation). An additional test was conducted
with the monitor operating (100 percent oxygen; 2.95 volts) at standard temperature. Chamber
(ambient) temperature was then lowered, with output voltage using as chamber descended below
approximately 40°F. Voltage rose to a value of 4.0-4.1 volts, then decreased linearally with temp-
erature, such that a value of 80 millivolts was again read with an ambient temperature of -85°F
Low temperature operation has shown an inability to activate the warning light when required with
the calibration point rise to 4 volts and has also provided a warning light when not required.
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TABLE 36
OEAS PERFORMANCE MONITOR HIGH TEMPERATURE TESTING SUMMARY
Test Voltage at Warning an? TImoa Warning Off 4
Conditlon 100% 0,1 Voltage % 0q lsec) Voltagn %0,
Test1 - 160°F d.244 0.850 28.2 8 0.807 280
3284 9.876 26.8 7 0.929 284
Post Test 1 3.295 0.869 26.1 63 0914 27.7
(stendard temp.) 3,195 0.863 27.0 30 0.920 208
3,205 0.864 27.0 26 0.801 28.1
Pre Test 2 2845 0.888 204 26 0.902 30.6
(standard tempreral) 2,941 0.872 20.8 61 0.942 320
2,036 0.872 29.7 18 0.909 310
2940 0.876 209.7 18 0.927 314
Tent2 - 180°F 3,081 0.884 28.8 4 0.248 30.7
3.008 0812 29.4 [ 0.946 30.6
Pout Test 2 3.112 0.866 27.8 22 0918 29.6
Pro Test 3 2,945 0.871 20.5 18 0.806 30.7
Test 3 - 1680°F 3.030 0.887 29.3 8 0.928 30.7
3.002 0.883 04 10 0.923 30.7
Post Tost 3 3.279 0.868 285 128 0.928 243
Pra Test 4 2,945 0.870 2.5 34 0,808 30.8
Tast 4 - 160°F 2812 0.877 31.1 13 0.914 32,6
2.824 0.879 314 24 0,807 3241
Post Test 4 ' 3.004 No Warning 87
2,986 No Warning 144
(alr} 0978 No Warning .
(Ng) 0.432 0.878 29.3
Pré Test 5 2942 0.878 20.8 18 0,901 30.6
{nfter tip 29564 0.872 20.8 18 0,909 30.8
replscement) 2,940 0.865 20.3 27 0.926 314
2.940 0.878 29.7 20 0,900 308
Test 6 - 160°F 2972 0,846 284 3 0.907 306
Post Test & 3,042 0.878 28.9 13 0.918 30.2
3.033 0.976 284 17 0.901 207
1 - Limlits 2,86 - 3.00 volts (2.85 volts naminal)
2 - LImits 0.815 - 0,802 volts/27.8 - 30.3 % oxygen
3 - 20 seconds maximum
4 . Limit 0,080 voits {20 mm Hg} above on
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Temperaturs/Altitude

The performance monitor (S;N O09E) was temperature/altitude tested in accordance with
MIL.-STD-810C, Method 504.1, Procedure | Equipment Category 6. With minimum temperature
held at 40°F, tha monitor showed satisfactory performance at altitudes of 10, 20, 30, 40 and
650,000 feet, and satisfactory performance after stabilization at room temperature. The monitor
was then exposed to an amblent temperature of 186°F (non-operating) for a period of 16 hours
at sea level. An operational attempt was unsuccessful, revealing an output voltage of 0.006 volts
when supplied with 100 percent oxygen. Removal and reapplication of power and oxyger showed
normal operation although output had dropped to 2,86 volts, Operation ramained normal for the
next steps, exposure to 131°F and 160°F for four hour and 30 minute periods, respectively. How-
aver, the monitor was again non-cperational (no voltage output} when exposed to 86°F. When the
failure was still evident after a 24 hour stabilization at room temperature, the monitor was returned
to the vendor, where a defective lead within the electronics module was repaired and the sensor
tip replaced.

Retest of temperatura/altitude on monitor S/N 010E again revealed a discrepancy with opera-
tion after exposure to 185°F, with an output of 3.6 volts with 100 percent oxygen at sea level.
An above maximum voltege output {3.25 to 3.4 volts) remained evident throughout the four sea
level conditions. A deficiency was also noted with the press-tovent button, which showed an in-
ability to return to its normal position after being deprassed. Operation improved when the button
was removed, lubricated, and reinstalled,

Prior to resumption of the temperature/altitude test (40,000 feet, 116°), the monitor was
recalibrated with 100 percent oxygen at sea lavel to 2.95 volts. After conditioning at 118°F and
40,000 feet, a press-to-vent test did aliow the waming light to come on at 0.884 volts, although the
light would not oxtinguish as voltage continued to drop. The monitor was returned to standard
temperature and sea level where it showed normal operation. The remaining paortions of the temp-
erature/altitude test (50,000 feet, 88°F for 4 hours and 95°F for 30 minutes) were completed with
satisfactory results. Howaever, when a retest was attempted at 40,000 feet and 116°F, an intermit-
tent problem was noted. Although warning activation would occur at the correct level, voltage
would not always return to a high enough lavel (hysterisis) to allow the warning light to extinguish,
After a raturn to standard temperature, the monitor showod satisfactory operation at 10,000 foot
intervals to 50,000 feet with inlet gas flow and leakage rates satisfactory,

This test has revealed chemical, electronic and mechanical deficiencies as a result of high temp-
eraturs exposure,

Temperature Shock

The OEAS Performance Monitor (S/N 010E) was tempersture shock tested in accordance with
MIL-STD-810C, Method 503.1, Procedure |, The monlitor {like the oxygan concentrator) was ex-
posed to an amblent temperature of 180°F for 4 hours, followed by 4 hours at -65°F. This ss-
quence was repeated twice for a total of 12 hours at each temperaturs.

The monitor waus allowed to stabilize at room temperature after the 24 hour period, Although
a deficiancy was svident with the callbration point at sea level {rise to 3.11 from 2.96 voits), no
structural damage was evident and the monitor showed normal operation with respect to inlet gas
supply, leakage, and press-to-vent operation.
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Humidity

The performance monitor was humidity tested in accordance with MIL-STD-810C, Method
507.1. The unit was not operating during this test, with the inlet supply port and power connector
capped. The procedure identical to that utilized In concentrator testing was employed (Figure 88).

The unit was checked for operation at test completion with 28 VDC and 100% oxygen. Nor-
mal operation with individual tests was evident, althnugh calibration had shifted from 2.95 to 2.50
volts, With a functional check at altitudes of 30,000, 40,000 and 50,000 feet, the monitor output
displayed abnormal operation, with a constant decrease In voltage as altitude increased (Table 37).
This resulted in an inability to extinguish the warning light at these altitudes with 100% oxygen.
For this reason, an aneroid failure (inability to limit the sensor cavity ambient pressure to 28,000
feet) was suspected. An altitude test repeat 48 hours later showed the same resuit. Aneroid failure
was confirmed with disagsembly, with heavy corrosion evident, Due to the result of this test, temp-
erature-humidity-altitude testing was not conducted.

Dust (Fine SM

The OEAS Performance Monitor was dust tested In accordance with MIL-STD-810C, Method
510,1, Procedure |. The monitor was not operating during the exposure, with sample gas inlet and
electrical connector ports capped. The same exposure (particle size, temperature and velocity) and
test time as utilized In o). ygen concentrator testing was employed.

Functional testing after test complation revealed a fallure with operation at altitude, resulting
in a waraing activation at 34,000 feet with 100 percent oxygen (0.870 volts). Retest approximately
20 hours later revealed improved performance although the warning signal activated at 44,000 feet
with 100 percent oxygen. A third operation at altitude test 70 hours after removal from the dust
chamber showed normal operation to 50,000 feet (0.850 volts). The entrance of dust into the
aneroid assembly appears possible causing seating interference, with eventual dissipation with re-
peated operation,

Salt Fog

The OEAS Performance Monitor was salt fog tested in accordance with MIL-STD-810C,
Method 608.1, Procedure |. The same solution and test time utilized in testing the OEAS Concen-
trator was employed (Table 10). The monitor also did not operate during the exposure, with gas
inlet and electrical connector ports capped.

Functional testing conducted approximately two hours after removal from the salt chamber
showed normal oparation to an altitude of 50,000 feet. Although a press-to-vent test showed a cor-
rect warning activation (0,870 volts) within 20 seconds, the button would not return to its normal
(closed) position resulting in constont venting. Subsequent attempts revealad the same anomaly.
Corrosion was also evident with the base of the housing of the gain potentiometer and with the
four screws which hold the electrical connector in place. Paint blistaring was also avident across the
top of the electronics module.
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Table 37
OEAS PERFORMANCE MONITOR PRE AND POST HUMIDITY CHECKS AT ALTITUDE

Pre Humidity Post Humidity

Altitude Voltage @ Light On2 Light 0143 Voltage Light On Light Off

(Feetl 1 100% 021 | Voltwe | Og% | Voltsge | O2% | 100%07 | Voltege | Og% | Voltage | Og%
Ses Level 2.938 0002 | 308 | 0818 | M3 2617 0874 | 208 [ 0921 | 312
10,000 2.124 0A08 | 443 | 0840 | 414 1.740 0882 | 438 | 0934 | 481
20,000 1.438 0.804 86.0 0911 873 1,140 0892 688 o9 68.0
30,000 0.948 0.878 914 0.027 08.7 0.734 L) - B

40,000 0838 0.898 934 0.931 87.1 0444 4 - B -
50,000 0.940 0.868 903 0028 988 0364 4 - [} -

1Limits at ses lavel 2.85 — 3,00 volts

20 imits 0.815 — 882 vaits (210 — 230 mm Hg)
IMaximum 080 volts (20 mm Hg) above bn

4| jght on with 100% 02

BWarning desotivation unattainable

Vibration

The Performance Monitor was vibration tested in accordance with MiL-STD-810C, Catagory
b.2, Procedure |A. The power spectral densities, variable frequency, and overall Grms for the test,
based on use for 2000 migsions and cabin location, were as follows:

Functional Endurance

__Test Test
G2/Hz (PSD) 0.04 2033
Fvar (Hz) No Inflection 88.6
Grms (G) 7.7 186.5

G levels for both the functional and endurance levels are based on a test time of one hour in each of
the three major axes. The vibration schedule smployed was therefore identical to that used in regu-
lator testing with respect to test levels and times. The monitor was hard mounted (bolted directly
to fixture) for all tests. Vibration axes (basad on aircraft mounting) are presented in Figure 80,

During the first haif hour of functional testing in each axis, the monitor was supplied with
28 VDC and 100% oxygen at 25 psig (15 minutes) then with alr (warning activated) at 26 psig (16
minutes). The second half hour followed the same procedure although the ges was supplied at &
psig. Output signal (voltmoter reading) was monitored continually. The monitor was non-operating
during endurance level testing.
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Initial tasting was unsuccessful, with a major structural fallure evident after 5.6 hours (prior to
initiation of last functional test in third axis) of vibration. The block which contains the inlet gas
port, sensor housing, and aneroid assembly completaly separated from the main body which houses
the elactronics. Output signal was lost as a result. This fallure has baen attributed to a quality con-
trol deficlency after it became apparent that locking compound was never applied to the four
screwws which hold this assembly in place.

The second attempt, after monitor repair, resulted in a fallure to produce an output signal
after 3.6 hours of vibration {prior to initiation of last functional test in second axlis). Internal
analysis revealed an electronics fallure with separation of two capacitors from the electronics card.
A mounting plate bracket within the slectronics module (a vibratlon modification) had also broken
loose,

With unit repair and placement of RTV on the failed capacitors, the full vibration schedule
was successfully completed. The monitor showed no deviation with any individual test conducted
after vibration.

Acceleration

The Performance Monitor was acceleration tested in accordance with MIL-STD-810C, Method
513.2, Procadures | and il. The maximum G levels specified (8.0 G operating and 13.6 G non-
oper~ting) were employed In each direction dus to the possibility of various mounting orientations
in fi twre aircraft. i he plateau time for each run was one minute. During all operating test runs, the
mo:.itor was supplled with 28 VDC and 100% oxygen at 26 psig. Results were satisfactory, with
nc ahange in signal output (voltmeter reading) during each run. The monitor showad no structural
deformation or deviation with any Individual test conducted after nonoperating runs,

Shock

The Perforrmance Monitor was shock tested in acnordance with MIL-STD-810C, Method 516.2,
Procedure 1, Basic Design Test. Three shocks in each direction were applied along three mutually
perpendicular axes of the monitor, for a total of 18 shoocks. The shock pulse had a peak value of
206G for a nominal duration of 11 ms (Figure 76). The monitor was not cperated during the test,
but performance checked at its conclusion, Results were satisfactory, with no structural deforma-
tion evident and no deviation with any individual test.

Electromagnetic Interference (EMI)

ma — -

The Performance Monitor was tested for electromagnetic interference/compatibility in accord-
ance with MIL-STD-461A (18) and MIL-STD-482 (19). The appropriate tests specified for Class ID
aquipment {alectrical and electronic equipment and instruments which would affect mission success
or safety |f degraded or malfunctioned by intarnally generated interference or susceptibility to
external fields and voltages) were conducted.

Within specification values were measured with the followlng tests:

CONDUCTED EMISSIONS

CEQ2 0.03 to 20 kHz, Control and Signal Leads
CE04 0.02 to 60 MHz, Control and Signal Leads
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CONDUCTED SUSCEPTIBILITY

Cso1 0.03 to 60 kHz, Power Leads
Cs06 Spike, Power Leads »

RADIATED EMISSIONS
REO2 14 kHz to 10 GHz, Electric Fleld
RADIATED SUSCEPTIBILITY

RSO1 0.03 to 30 kHz, Magnetic Field
RS02 Magnetic Induction Field

Out of the spacification values/monitor malfunctions were observed with the following tests:
CONDUCTED EMISSIONS (CEQ1) 0,03 to 20 kHz, Power Leads
Excessive dB levels wers measured as presented below, with the warning light activated

{monitor supplied with 21% oxygen). All othar observed emissions met spacification
requirements,

28 VDC (PIN B) 28 VDC RETURN (PIN D) SPEC LIMIT
120 dB 104 dB 90 dB

CONDUCTED EMISSIONS (CEOQ3) 0.02 to 50 MHz, Power Leads

Excassive dB levels were measured as presented in Table 38 in the warning light on mode.
All other observed emisslons met specification requirements.

CONDUCTED SUSCEPTIBILITY (CS02) 0.06 to 400 MHz, Power Leads

A fallure was evident in the warning light on mode on PIN D at frequencies of 3.244.10
MHz and 1 VDC. The threshold level at these frequencies has been determined to be 0.8
vDC.

RADIATED SUSCEPTIBILITY {(RS03) 14 kHz to 10 GHz, Electric Field 200 Volts/meter

Subjecting the monitor to 200 volts/mater (for equipment external to the aircraft, as
cabin mounted are considered) caused complete sensor destruction which, along with an
internal electronics failure, resulted in an inability of the performance monitor to display
an accurate output and complete inability to activate the warning light. After electronics
repair and sensor replacerniont, RSO3 was conducted with the intent of determinstion of
threshold velues for field intensity. Threshold values are those maximum intensity levels
which do not cause a failure, i.e., activate tha warning light when supplied with 100%
oxygen or to deactivate the warning light when supplied with 21% oxygen. Intensity was
limited to a maximum of 50 volts/meter. These values are presented in Table 39.
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Table 38

PERFORMANCE MONITOR CONDUCTED EMISSIONS (CEQ3)
EXCESSIVE dB LEVELS

Frequency (MHz) Pin B {dB) Pin D (dB) Spec Limit (dB)
020 73.0 86.0 60.0
022 70.1 821 49,1
028 64.2 74,2 47.7
034 62.6 66.6 46.4
046 682.1 62.1 447,
.065 68.5 58.6 43.3
085 50.0 51.0 42,2
076 45.0 48.0 41.2
.080 443 413 41,0

SYSTEM ACCESSORIES
Restraint and Life Support Ammbly

The modified Restraint and Lifa Support Assambly (RALSA), Model No. SEU-3/A (Figure
23) was random vibration testad in accordance with MIL-STD-810C, Equipment Category b.2,
Procedure |A. The same vibration envelope as utllized in breathing regulator and performance
monitor testing (due to cockpit location) was employed. During all functional level testing (7.7
Grms) the emergency cylinder was activated, supplying 60 psig to the emargancy regulator Inlet,
A set flow of 10 Ipm was drawn from the regulator with outlet pressura (in H20) monitored con-
tinuously. During all endurance level (16,6 Grms) testing, the breathing gas cylinder was filled with
nitrogen at 1800 psig without supply gas to the regulator (system deactivated),

Results for all functional level testing were satisfactory, showing a positive pressure of ap-
proximately 2.6 inches of water delivered at all times. Howaver, the firgt hour of endurance lavel
testing {longitudinal (front to back) axis) produced a leak in the bourdon tube of the one inch
diameter supply pressure gage, resulting in complate system gas depletion, This gage was removed
and replaced with a pipe plug, resulting in satisfactory oparation throughout the remainder of the
test schadule. The regulator showed no evidence of structural deformation at the conclusion of the
tast. -

The emergency breathing regulator had also been functionally tested by the Naval Air Test
Center, with satisfactory operation evident at altitude and during underwater braathing,

Parsonnel Hose Assambly

FE T F T AEY TN
b L e

The Personnel Hose Assembly was windblast tested by Dayton T. Brown, Inc., under
NAVAIRDEVCEN Contrect N62269-80-G-0212 (30) in order to insure the assembly will remain
intact, providing emergency oxygen, after an sjection, Various post ejection testing attitudes,
manakin sizes and mounting configurations were employed, sach of which is presented in Table 40.
Velocitles shown were maximum peaks, with a test duration of 3 sacands nominal. A phoetograph
of the mounting confguration in the Stencel Aero Engineering Corporation SEU-3/A ejection seat
for windblast test number 1A is presented in Figure 81.
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Table 39

PERFORMANCE MONITOR RADIATED SUSCEPTIBILITY (RS03)
THRESHOLD LEVELS

MODE 1 - Light On (21% Oxygen)

Frequencv Threshold (V/M) Frequency Threshold (V/M)

.014 . 1.3 MHZ 650.0 6.1-168 50.0

1.3 -1.6 30.0 169 - 161 35.0
1.6 -43. 18.6 161.0 10.0
43 - 6,0 30.0 161.3 17.0
5.0 - 6.8 20.0 162 - 1000 60.0

5.8 16.6 1-10GHZ £0.0
6.8 - 6.0 20.0

MODE 2 - Light Off (100% Oxygen)

Frequency Thrashold (V/M) Frequency Threshold (V/M)

(Vertical)

014 - 1,2 MHZ 50.0 210-270 50,0
1.21 45.0 270 - 366 26.0
1.27 30.0 366 20.0
1.46 10.0 356 - 400 50.0
1.86 2.0 400 - 410 20.0
4,16 3.0 410 - 640 60.0
b.31 2.0 640 30.0
6.06 36.0 641 - 1000 50.0

6.06- 8.2 650.0 1-10GHZ 650.0
8,23 256.0 (Horizontal)

10,08 - 21.0 50.0 210- 230 60.0
37 - 40 20.0 230-236 20.0
40 - 60 60.0 236 - 246 50.0
60 - 83 20.0 245 - 260 20.0
63.3 16.0 260 - 266 50.0

118 5.0 266 - 280 20.0
177 36.0 280 - 385 60.0
196 5.0 385 - 460 20.0
210 36.0 460 - 580 50.0
580 - 590 30.0
590 - 1000 50.0
1.0 -1.42GHZ 50.0
1.42-1.7 20.0
1.7 -10.0 50.0
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Figure B1 ~ Personnel Hose Assembly Windblast Test Number One Configuration
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Table 40
WINDBLAST TEST RUNS
Fixeu Test Velocity Manakin CRU-60/P Mounting ]
Number Attitude KEAS Size Configuration
1A Head On 450 95% MA.2 Tors; Harness
18 45° Pitch Fwd
1C 45° Pitch Aft
2A Head On 450 95% SV-2 Survival Vest
2B 45° Pitch Fwd
2C 45° Pitch Aft
3A Head On 450 5% MA-2 Torso Harness
38 456° Pitch Fwd
3C 45° Pitch Aft
4A Head On 450 5% SV-2 Survival Vest
48 46° Pitch Fwd
4C 45° Pitch Aft
BA Head On 660 95% MA-2 Torso Harness

Results for test number 1B were unsatisfactory, with a separation of the quick disconnect
in the hose which connects the seat kit outlet to the CRU-60/P. This test was repeated twice how-
ever, with favorable resufts. Two additional windblast tests were made utilizing a CRU-60P mount-
ing bracket which was modified by the Naval Air Test Center to insure non-interference with right
arm movement, Results were satisfactory with this modified bracket remaining intact on the MA-2
torso harness.
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GROUND SUPPORT EQUIPMENT

The Ground Support Equipmeant (GSE) utilized in organizational and intermediate level testing
of the Oxygen Enriched Air System with manufactured by the Bendix Corporation, An equipment
description is as follows, based on the datalls presented in refarences 25 and 26.

Organizational Level

OEAS Test Set, Part No. 3300148-6101, Is dasigned for organizational level maintenance in
the cockpit of the AV-BA aircraft, The tast set (17 in. x 11 in. x B in.; weight — 20 pounds) cen-
tains a pressure gage, performance monitor, percent oxygen meter, pressure regulator, valves,
orifices, timer, lamp indicators, test jacks and inlet/outiet connections. The test set will receive the
braathing gas produced by the nxygen concentrator, which is then routed to the aircraft perform-
ance monitor.

Referring to the test set front panel of Figure 82, the equipment will be used as follows:
Breathing gas from the concentrator enters connector J12 (OXY INPUT) with the cerresponding
prassure read on OCAS pressure gage G10. A sample of this gas I8 teed to & reference parformance
monltor (located in the test sat) which provides a percent oxygen output indication, The main gas
flow is passed through a pressure regulator and controlled with valve V10, The flow selection (high
or low) will enable both testing for adequate oxygen concentration and for proper paerformsnce
monitor warning activation. In the % Oxygen Test Set position, the output signal of the monitor
in the test sat Is displeyed on metsr M10 as oxygen percent on the right half of the mater, In the %
Oxygen Aircraft position, the signal of the sircraft mounted monitor is displayed, Provisions are
also included for performance monitor calibration if required, through meter M190, which displays
the partial pressure differance between tha alrcraft mounted monitor and the cal'brated monitor
within the test set (810 in Monitor Test function). Calibration is made on the gair potentiometer
on the aircraft monitor until meter M10 reads zero,

Intermeadiate Level

OEAS Concentrator Test Set, Part No. 33001496101, is designed for detailed concentrator
testing at the intermadiate level. The test set (27 in. x 23 in. x 156 in.; weight — 76 pounds) contains
pressure anc! temperature gages, arnmeters, oxygen analyzer and indicator, valves, regulators, elec-
tronic circuitry, test jacks and inlet/outlet connections. Compressed air is passed through the test
set to the oxygen concentrgtor, with the concentrator enriched air outlet monitorad by the test
set for various fiow rates.

Referring to the test set front panel of Figure 83, the equipment will be used as follows. Shop
air supply flows through an inlot filter to air inlet J60. This air flows through adjustable pressurs
ragulator R41 to the concentrator under test, with pressure displayed on gage G41, and temperature
on meter TC41. Concentrator enriched air outlet flows through adjustable regulator R42, with
pressure displayed on gage G41 (Pressure Selact (V42) to Oxy from Conc position) and tempsrature
on TC40. A portion of the concentrator outiat flows through the oxygen analyzer (polarographic
partial pressure sansor) with percent oxygen displayed on metar M43, Tha output of adjustable
regulator R42 is measured on gage G42, with outlet flowrate varied through valve V41, The test
sat Is powared by 28 VDC at J41, with a cannecting cable placed between J42 and the concentrator
under test. Concentrator power consumption is displayed on meters M40 {motor, solenoid and con-
trol electronics), M41 and M42 (for each heater),
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Ragulator/Monitor Test Set, Part No, 3300150-7001, is designed for intermediate leval testing.
The test sat (27 in. x 23 in, x 156 in,; weight — 70 pounds) contains pressure gages, altitude test
chamber (2.5 In. x 6.25 in. x .26 in.}, valves, switches, timer, lamp Indicators, pneumatic and elec-
trical inlet/outlet connections. Refarring to the test set front panel (Figure B4}, the equipmant will
be used as follows. The test gas (oxygen for monitor, nitrogen for regulator) is supplied at J24 Test
Fluid Inlet, with a pressure regulated by adjustable regulator R20 and read on gage G20. For mon-
itor testing, flow Is through valve 22 and out J27 to the monitor under test, with warning light
indication on lamp DS21. For breathing reguiator tasting, flow is through valve 24 to the regulator
under test in the test chamber through J28. J23 is provided for connection to Regulator Tester
31TA2685-2, which contains a vacuum source, With the regulator at altitude, outlet pressures are
read on gages G22 and G23.

Intermediate level regulator tests can also be conducted utilizing the OTS-5856 (outlet pressure
only) and 62A test stands, provided a pressure gage displaying an accurate readout in inlet prassure
{down to b psig) is placed within the altitude chamber of each stand.

RELIABILITY

Although no guidelined reliability program was included within the developmental/qualifica-
tion testing, the following Information is provided as a summary of failures encountered with each
componert in the program and as a means (through presentation of operating hours and conditions)
of assisting with any reliabllity growth prediction.

The tasting program conducted on the oxygen concentrator is essentlially broken into two
parts: (1) those tests (altitude and temperature) conducted prior to vibration and (2) those con-
ducted after the present, or “final’’ configuration was attained through vibration modifioations.
All environmental "'stress’ tests, along with all operating conditions however, were conducted after
the vibration phase of the program to determine what, if any, redesign may be detrimental to other
environmental concerns. An approximate breakdown in operating and exposure hours (to date) for
the oxygen concentrator is presented in Table 41, Transient timas are also included in the summary,
such as the times required for chamber standard (room) temperature to -86°F, or for heating of
high temperature alr,

Pre-qualification testing of the OEAS Breathing Regulator and Performance Monitor involved
functional checks at altitude only (for outlet pressure and warning activation). Again, all of the con-
ditions presented in Tablas 42 and 43 were conducted with the units in their "“final’’ configuration,
that is, after vibration modifications and use with the Personnel Hose Assembly were determined
necessary when the regulator became air frame mounted, and after vibration modifications and a
press-to-test feature were incorporated into the monitor,

The fallures encountered in the program whether through quality control, design, or state-of-
the-art deficiencies, are presentad in Tables 44, 45, and 46 for the concentrator, regulator, and
monitor, respectively. Again, all of ti.c failures presented are with present/final configurations.

A strictly controlled reliability program will be conducted on the Oxygen Concentrator, and
on improved versions of the Breathing Regulator and Ferformance Monitor (Appendices B and C)
by the Naval Weapons Support Centar, Crane, Indiana, under NAVAIRDEVCEN Work Request
N62269/81/WR/00812.
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Table 41
OEAS CONCENTRATOR ENVIRONMENTAL CONDITIONS

Operating (Hours) Non-Operating (Hours)

Environmental Condition

Developmental Final Developmental Final
Standard Temp
Ambiant/Inlet Alr
— Sea Level 80 50 N/A N/A
— Altitude 170 250 N/A N/A
High Temperaturs
- Ambient N/A N/A 36 120
— Ambient/inlet Alr 40 60 N/A N/A
High Temperatura
Inlet Air/Altitude 0 60 N/A N/A
Low Temperature
— Amblent N/A N/A 18 po
— Ambient/inlet Air 68 42 N/A N/A
Vibration 45 1.6 30 18
Humidity
~ Standard Temp N/A N/A 0 180
— High Temp N/A N/A 0 140
Dust
— Standard Temp N/A N/A 0 12
— High Temp N/A N/A 0 16
Salt Spray N/A N/A 0 98

N/A — Not Applicable

Although considered initially, the reliability strategy of MIL-STD-781C (21) will not be util-
ized due to the high number of test hours involved (in order to achieve the design goal of 2,000,
2,800 and 2,800 hours Mean-Time-Batwsen-Failura (MTBF) for the concentrator, regulator and
monitor) and high probability of non-success. The strategy to be employed, under the guidance of
AIR-51861D and NAVAIRDEVCEN's Reliability and Maintainability Branch of the Systems Read -
ness Division, Systems Directorate, utilizes a reliability growth curve/prediction. Tha method, a
TAAF (Test, Analyze and Fix) ragime allows for failures during the program, analyzaticn and re-
palr, with test continuation of the failad item.
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Table

18840

42

OEAS BREATHING REGULATOR ENVIRONMENTAL CONDITIONS

Environmental Condition 0?_?;:::“9 Environmental Condition Oiie;:ang
Safety Pressure (Sea 20 Low Ambient Temp/ 14
Lavel to 30,000 feet) Safety Pressure
Prossure Breathing 14 l.ow Amblent Temp/ 3
{38 to 60,000 feet) Pressure Breathing
High Amblant Temp/ 14 Endurance 200
Safety Pressure
High Amblient Temp/ 3 " Vibration* 6
Prassure Broathing

*Includes 3 hours of endurance {(non-operating) level

Table 43
OEAS PERFORMANCE MONITOR ENVIRONMENTAL CGNDITIONS
Environmental | Operating | Non-Qperating | Environmental | Operuting | Non-Operating
Condition Hours Hours Condition Hours Hours
Standard
Temp Vibration 7 B
Sea Level 50 N/A
] Altituda 30 N/A
Humidity
High Amibient Standard Temp N/A 160
Temperature High Temp N/A 80
Sea Level 32 60
Altitude 12 N/A Dust
Standard Temp N/A 12
Low Ambient High Temp N/A 16
Temperature
! Sea Level 12 20 EMI 80 N/A
Altitude 10 N/A
.
{ ) 166
i A i vt ittt
} e .




NADC-81188-60

Table 44

OEAS CONCENTRATOR FAILURE ANALYSIS SUMMARY

Failure

Cause

Remedy T

Unit motor inoperative on
initial start up when re-
ceived

Outlet pressure 3 psig
higher then expected when
testad with inlet pressures
of 45 and 60 psig

Outlet pressure 3 psig
higher than expacted when
tested with inlet pressures
of 45 and 80 psig

Unit motor inability for
repeated start up after
temp/hum/alt test

High noise level avident
with motor start up

Various warning activa-
tions with high tempera-
ture inlet eir at altitude

Oxygen concenwrations
measured below minimums
acceptable

Continuous activation
of heater No. 1, above
normal bed inlet
temperaturs

Interference of a lead wire
in the electronics box with
one bottom mounting screw,
resulting in a short to chassis

Lubrication not applied
to piston on Intarnal re-
ducer, resulting in setting
shift

Lubrication dissipation
from piston of internal
reducer

Broken lead/diode at apoxy
RTV interface within elec-
tronics box; temp oycling
suspected

Lubrication dissipation
in gear head assembly,
high temperatura inlet air
suspacted

Reductions in inlat air
flowrate, limiting concen-
tration capabilities

Particulate matter within
cartridge, restricting bed
inlat pressure

Defactive trangistor
aftor salt spray
exposure

— Wire rerouting

— Insulation to mount-
Ing screws

— Added accaptance
{est

Quality control im-
provements on assambly

Lubrication added;
design improvemunts
needed

Solder joint repair;
design improvernents
needed

Assembly replaced;
design improvements
neaded

Limit temperature and/
or prassura from aircraft
at altitude

Replace cartridge, add
filter in house air line

Transistor replaced;
design improvements
needed
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Table 46

OEAS BREATHING REGULATOR FAILURE ANALYSIS SUMMARY

Fallure

Cause

Remedy

Qutlet prassures higher than
maximum allowed with 120
psig inlet pressura

Excesslvy noise level at
6400 Hz in chast mounted
configuration

Rise in outlet (safety)
pressure with no flow

Non-repeatable outlet
pressure testing

Drop in outlet preseure
afar acceleration,
andurance, and storage

Excessive holse levol at
3200 and 6400 Hz in chest
motnted configuration
after environmental

testing

For use with AV-8A
OBOGS only

Filter design deficiency

Demand valve leakage
Scratches in anerold
soat

Anerold calibration shift

Filter design deficiency

Redesign for LOX sys-
tem compatibility
necessary

Redesign nolse suppras-
sion filter or raise
specification limit

Design improvement
needed

improved yuality can-
trol with assembly

Design improvemant to
hold calibration ngeded

Radesign nolte suppres-
sion fllter or raise
specificution limit

Table 48

OEAS PERFORMANCE MONITOR FAILURE ANALYSIS SUMMARY

Failure

Cause

Remedy

Electromagnetic Interfer
ence CEQ1, CEO3, CS02,
RSO3

Calibration shift to out of
tolerance value after ex-
posure to 160°F

Monitor unrble to activate
warning light when sup-
plied with pressurized

air

l.ack of appropriate
filters/casing

Routine "‘Bake out"” not
accomplished after sensor
manufacture

Probable-previous exposures
in rediated susceptibility
tasting

Setwsor repluced in RSO3,
design improvements
needed

Unit recalibrated; qual-
ity control improva-
ments

Sensor tip replaced; de-
sign improvements
neaded
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Table 48 — Continued

Failure

Cause

Remedy

l.eakage measured as 60
cc/min

No change in monitor out:
put with press-to-vant
button depressed

Calibration shift to out of
tolerance values after ex-
posure to amblent temp-
peratures below 40°F

Negative voltage display
with operation at altitude
test at 40,000 feet,
standard temperature

Sensor housing separation
from electronics module
in first vibration attempt

Output signal loss during
second vibration attempt

No output voltage at
185°F, after return, loat
at B6°F

Calibration shift to out of
tolarance value and press-
to-vent button failure after
exposure to 186°F; Failure
to extinguish warning at
116°F

Calibration shift to out of
tolerance values and
failures with operation at
altitude after humidity
exposiire

Broken 0" ring damaged
in vendor assembly

Qvertravel of button which
precludes venting

No low temperature com-
pensation with polarographic
sensor

Unknown

L.ack of locking compound
to four screws which hold
this assembly in place

Separation of two capacitors
from electronics board

Inability to withsiand ex-
posure to 186° F, Previous
vibration may be factor

Inability to withstand
exposurs to 186°F

Corrosion to aneroid/
electronics

“0O" ring repluced;
quality control im-
provements

Design change made to
mechanism to prevent
overtravel

Unit recalibrated; no
design changes made

Restabilization with
time, vendor analysis
necessary

Unit repalr with com-
pound applied; quality
contral improvements

Capacitor repair; RTV
compaund applied to
components

Design improvements
needed

Design improvement§
needed

Design improvements
needed

SR M R — Tt b derad I AN et S ARIE o et
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Reliability of the oxygen concentrator will combine environments of amblant temperature,
vibration and altitude, althiough altitude will be simulated by Increasing inlet pressure and thersfore
interior/axterior diffarential. A total of 1,000 operating hours will be accumulated on four concen-
trators in accordance with the test cycle of Figure 86. “On’’ times listed apply to concentrator
operation (power and air) as well as vibration. This cycle will be repeated approximately 84 times
which translates to the following conditions (with 4 units utilized):

Environment Condition Time (Hours)
-66°F OFF 627
~-86°F ON 3456

-65 to 160°F ON 167
160°F OFF 627
160°F ON 345

160 to -85°F ON 167

TOTALON ~ 1,004 hours

The vibration will be a functional level (at cruise), the 7.35 Grms level presented in Figure 72.

Critical parameters with respect to normal operation, such as oxygen concentration, outlet
prassure and power consumptions will be monitored continually for each unit during all “‘on”
periods. Provisions are included for raising inlet air pressure to values expected with removal of the
bleed air regulator and for inlet air temperature to values measured on tha AV-8A, These values
will be utilized in two cycles for each unit. In addition, for simulation of changes in amblient temp-
erature with storage (non-operating), “‘on” periods shall become '‘off”, with “off" periods bacom-
ing “on’’. Again, this test shall be accomplished for two cycles for each unit.

The reliability program for the regulator and monitor combines environments of ambient
temperature and altitude, with vibration imposed separately. The reliubility test cycle of Figure
85 will also ba employed with an aititude of 26,000 feet attained during “on’’ portions. Once svery

four cycles the units will be subjected to an altitude of 60,000 feet (during the “on’ portion of
the 'D* segment of the test cycle),

A total of 1,000 operating hours each will be accumulated on six regulators and on six mon-
itors. '‘On” times apply to regulator operation when sunplied with nitrogen and to monitor oper-
ation when supplied with oxygen and 28 VDG, Approximately 63 test cycles will be conducted.
Parameters necessary to insure normal operation such as regulator outlet pressure and monitor out-
put signal and power consumption will be continually monitored and periodically recorded. Pro-
visions are again Included for testing with inlet pressures anticipated with bleed air regulator re-
moval and for reversal of “on/off’”’ timns, The vibration portion of the program (conducted sep-
arately) will consist of a low level random envelope (2,07 Grms) based on cockplt location. All
twelve units will be vibrated again mounting to 1,000 hours each for the regulator and monitor.

A Fallure, Reporting, Analysis, and Corrective Action (FRACA) cycle, along with a Failure
Analysis Board (FAB) have been esteblished to insure detailed reporting as to the cause of any
failure and the action taken to correct it.

This program will provide a means of detarmination not only of those# deficiencies which did
not surface during the developmental/qualification program, but an accurate prediction of the ap-
parent drops in oxygen concentration with time and of polarographic sensor tip life.
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CONCLUSIONS AND RECOMMENDATIONS

Oxygen Concentrator

The Oxygen Enriched Air System (OEAS) Oxygen Concentrator has demonstrated the ability
to provide a sufficient quality and quantity braathing gas for a one man open {oop breathing sched-
ule. Concentrations delivered for a two man breat{\ing rate are, in most cases, higher than those
delivered for one due to reductions in argon delivared. In addition, the incorporation of the F ver-
sion of MIL-D-19326 (12), which places correction factors on (and therefore raises) the breathing
rates for one man will also show higher oxygen purities at altitude. The actual breathing waveform
may also result in higher purity, with a peak value of approximately pi times the steady state flows
nmieasured in this prograin. Acceptable oxygen concentrations ware also found with the bleed air
supply pressures anticipated on board the AV-BA. The increasing of iniet pressure above 2B psig
has negligible effect on oxygen purity at altitude.

The oxygen concentrator, as anticipated, has shown performance degradation with high or
low temperature extremes, with time becoming the critical factor. The higher inlet air temper-
atures anticipated at sea level will not pose a problem with respect to purity due to (1) the duration
required for a significant drop and limitations on time at maximum throttle and (2} the large drop
required between concentrations initially delivered and that required for warning activation. The
limitations on performance at altitude are of greater concarn with the need for a high purity breath-
ing gas. Altheugh no degradation wiil occur w'th the pressure/temperature limits of the AV-8A,
operational limitations with studies of future applications should be considered. In addition, al-
though some conditions for performance drop are not significant in what may be considered a two
hour mission, the possibility of extendad operational times with in-flight refueling should be real-
ized. Further analysis is required with respect to bleed air temperatures anticipated after extreme
low temperature soak. Performance can be improved prinr to take-off; (1) increasing inlet air temp-
erature during ascent, {2} bypassing the bleed air heat exchanger at sea level, (3) increasing inlet air
pressure or (4) maintaining cabin pressurization, Overall performance, if the heaters are providad
with lower voltage also remains an area of concern,

An Ideal solution to temperature degradation would be incorporation of a device which aliows
a "floating” control valve speed and, therefors, a varying cycle time based almost exclusively on
ranges of inlet temperature air, Cycle time could be decreased for high temperature and increased
for low temperature inlet air. Although detrimental to system simplicity (and thersfore reliability),
the concept appears worthy of exploration.

The structural integrity of the unit has been demonstrated through acceleration, shock, and
vibration testing. The vibration ievels from MDC A3780 were salected at a time when it was felt the
higher requirements from MIL-STD-810C could not easily be met. Inspection of the difference in
vertical level vibration (32.2 vs 24.2 Grms} occurs primarily in the high frequency bandwidth of
1,000-2,000 Hz, which may not contribute significantly to structural degradation. it can therefore
be assumed that the oxygen concentrator, in its prasent configuration, could pass the qualification
levels of MIL-STD-810C. The LOX converter mounting tray wes not utilize 3 as a fixture in the pro-
gram, The unit was placed in flat raiis and held in place with a bolt/wing nut identical to that em-
ployed in the aircraft. This method insured an adequate energy transfer without bolting a fixturing
plate directly into the base plate of the unit. Preliminary results of aircraft installation show a high
level of vikration reduction between LOX bay and concentrator levels due to tray attenuation. The
mounting tray, or equivalent means of vibration isolation should always be used with concentrator
installation,
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Although providing satisfactory oxygen concentrations throughout the operating enveiope
of the AV-BA, the following have been determined to be areas for redesign/improvement in an op-
timized system.

Electronics Maodule — The electronics mudule, which nontinually operazes at temperatures well

above amtient; thereby decreasing component reliability. With the power inverter believed to be the
major source of heat, the diract use of AC power should be considered. Although praviding an
effective method for withstanding vibration, the use of epoxy/RTV within the electronics module
has introduced a problem with respect to wire stress relief resulting in failure for motor start, Size
and weight reductions can be made with removal of unnecessary components to simplify circuitry
with provisions made for resistance to salt spray, and at that time EMI testing be conducted on the
unit,

Prossure Reducer — The pressure reducer, which has exhibited the tendency to shift from initial

setting, resulting in higher than normal bed inlet (and therefore outlet) pressures. The problem ap-

pears to bo with lubricant dissipation occurring with continued operation of inlet pressures above
the “kick in"” point and possibly accelerated with high temperature inlet air. Although virtually
inert in the AV-8A due to incorporation of the bieed line regulator, the utilization in future aircraft
should be considered. The rate of increase after initial shift with time and safety considerations
should be explored,

Solenoid Casing — Although always capable of correct activation when required, some material
change Ts needed with the solenoid casing (the only nomponent susceptible to humidity) te mini-
mize removal and future operational brablems.

Thermal Shroud — Some improvement is needed with shroud ruggedness, as it tears rather easily
in normal use. This Is detrimental not only to prevention of dust, salt, etc., but to retention of
warmup air with low temperature operation.

Motor/Contral Valve Coupling — Investigations are required as to the dissipation of gearhead lub-
ricant which can initiate after a short period of time with high temperature inlet air. Continued
dissipation will result in failure for control valve turning and no oxygen concentration,

Military specifications (of all components) are now under nreparation that will insure fully
gualified items with respect to the environmantal operating conditions and to all reliability and
maintainability requirements.

Based on the data generated far performance in the operating envelope of the AV-BA, it is
recommended that Operational Evaluation (OPEVAL) commance. NAVAIRDEVCEN will retain an
oxygen concentrator and test equipment in order to attempt to analyze sorhe potential problem
areas in detail and to conduct some test points not addrussed in this program which may be of con-
cern with incorporation on future arcraft,

Breathing Regulator

The OEAS Breathing Regulator has demonstrated the ability to provide a breathing gas at
physiologically acceptable pressure and sufficient flowrate when incorporated on the AV-8A, Out-
let pressure results indicate satisfactory operation with minimum inlet pressures anticipated from
the eighth stage of the AV-8A, and with maximum inlet pressuve limited to 70 psig (with 250 psig
to the inlet of the concentrator if the bleed air regulator is removed). Outiet pressures ware gen-
erally above or belov: specification with higher or lower inlet pressures, respectively. Also, the regu-
lators have exhibited a tendency to be within specification limits at high inlet pressure (120 psig) at
altitude and below specification minimum with low (b or 15 psig) inlet pressure or be within specifi-
cation at low inlet pressure and above specification maximum with 120 psig, suggesting shifting
"bands” of satisfactory performance.
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Of particuler concern during the testing program has been the apparent shift (drop, and/or
naon-repeatability of regulator outlet pressure at aititude, particularly with low inlet prassure. Drops
in outlet pressure were experienced twice on each regulator and although having occurred twice
with accelgration, the specific causes for aneroid calibration shift are not known, as downward
shifts wera experienced after endurance testing and after one week of idle storage. Non-repeatability
was also evident twice on regulator S/N 11E, with initial and with pre-vibration {post low temp-
erature) outlet prassure testing. The ability of the aneroid assembly to hold calibration with time
appears in doubt. No demand valve problems sticking open or closed were experienced
throughout the program.

No problems are anticipated with respect to safety pressure If the OEAS regulatoar is used with
the MBU-14/P oxygen mask (MBU-12/P with Navy communications). Reference 27 decuments
results of a compatibility investigation of the CRU-79/P (mini-reg) with the 14/P, which states a
need for limiting safety pressure to a maximum of 1.5 inches of water which will minimize exhala-
tion problems with the combination inhalation/exhalation valve. A lower safsty pressure is also
preferred by aircrewmen. OEAS ragulator safety pressures were typlcally 1.0 to 1.1 inches of water.
The need for rastraint in the soft hose has also been stated which, along with the results of reference
3, show that a volume change (stretching) of the hose upon Inhalation, followed by a return of the
hose to normal form, also meke exhalation difficult. Provisions are made through use of the soft
hose internal restraint cord to limit stretching to approximately one inch. The need for safety rellef
within the system is also a possibility as none Is incorporated in the combination valve of the 14/P
(manutfactured to the requirements of MIL-V-27296A (USAF) (14)) nor is any anticipated.

The regulator (in Its chest mounted configuration) has also shown excessive nolise levels at
3200 and €400 Hz, a phenomenon also evident with 100% oxygen (miniature) regulators. Raising
the specification limit to 95 dB (from 85) at these frequencies is a possibility. However, no noise
level problems are anticipated using the personnel hose assembly.

Although the structural integrity of the regulator has been proven with vibration testing, the
outlet prassure shifts found when altitude tested after each axis should be addressed further. Initial
vendor vibration tests revealed a tendency for outlet prassure to shift downward after vibration and
have attributed this to aneroid wear after endurance level vibration, hence, the additional inch of
water tolerance placed on minimum specification values. This phenomenon is not cansidered serious
due to (1) the improbability of prolonged endurance level vibration occurring in service and (2)
cleaning and readjustments which will become part of scheduled service intervals. The modified
East/West bracket is adequate for regulator steadiness in any vibration environment. Some motion
is prasent when installed, however, but is deemed necessary to insure relative sase in installation/
removal and provides some vibration attenuation. Initial vendor testing while "hard mounting”
the regulator (bolted directly to fixture) revealed an inability of the aneroid assembly to withstand
endurance level vibration. To maintain a high confidence level, the regulator should never, 17? any
present or future supply line modification, be mounted directly to the airframe.

To become compatible with the modifications to the aircraft installation {(to be discussed
Iater), redesign of the regulator will be accomplished. Internal modifications will be made to provide
the capability of supplying approximately 76 |[pm at positive pressure with an inlet pressure of 5
psig. This will insure satisfactory operation with lower inlet pressures in the event of excessive
pressure drop at sea level static idle conditions. The statement of work for this regulator (now chest
mounted) is presented in Appendix B. Provisions are included for insuiing satisfactory operation (1)
in aircraft which may provide inlet pressures lowsi than 16 psig at altitude, (2) with standard LOX
systems, (3) with the MBU-14/P mask/hose, and (4) with specially selected environmental tests for
MIL-STD-810C.
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Parallel to this effort, NAVAIRDEVCEN will also initiate exploratory developmant (6.2) of
a fluidic oxygen regulator under the sponsorship of AIR-340B. The effort wili attempt to develop a
regulator utilizing fluidic technology that is also compatible with the operating parameters of an-
riched air systams.

Performance Monitor

Tho performance monitor has demonstrated the ability to provide an adequate warning signal
in the event of a drop in oxygen concentration to below anticipated and physiological minimum
values, Alfthough some fallures discussed previously have arisen due to daficiencies in quality con-
trol, three problem areas are evident as a result of laboratory and fiight testing, They are:

Temperature

The performance monitor will provide an error in signal cutput (calibration shift) with any
exposure (operating or non-operating) to temperatures below 40°F (4.4°C). This occurs both with
convection and with conduction through the monitor baseplate. Although the insulating standoffs
added on mounting by the Naval Air Test Center have been proven successtul for normal in-flight
operation, redesign in this area is necessary. An Engineering Change Proposal (ECP) will attempt to
maintain a sensor cavity temperature of 556°F (12.8°C) through resistance heating at amblent
temperatures down to -85°F (-54°C), the penalties baing an increase in size, weight, and powar
consumption. Warm up times required after long perlods of cold soaks (non-operating) are not yet
known and may pose a problem,

Of greater concern has been the calibration shift and press-to-vent test failure after exposure
to 185°F (86°C), and Is believed to occur with any temperature above 180°F (71°C). While the
press-to-vant plunger can utilize a lubricant with a higher temperature rating, some internal modi-
fication to the sensor tip may be nacessary.

Elcctromagnetic Interference/System Packaging }

The failure of the performance monitor to pass the conducted emissions (CE01 and CEQ3)
and conducted susceptibility (CS02) tests appear to be correctable through Incorporation of appro-
: priate filtering on the power supply and return pins in the connector. Of greater concern has been
! the high susceptibility to radiation (RS03), not providing a warning signal when required, providing
! a signal when not required, and eventual sensor destruction. With employmant of an intarnal
heater, the use of body casing/shielding appears feasible, although the monitor has also shown some
failures at low field intensity levels (for aquipments located within the alrcarft fuselage), Complete
redesign is needed in this area before incorporation on-board any carrier based aircraft.

With the redes.gn of system packaging for improvement of radiated susceptibility, some filtes/
trap is necessary in the ambient reference/supply gas outlet ports of the aneroid assembly to prevent
the entrance of moisture during non-operating humidity exposure or the entrance of dust.

Maintainability

The maintainability deficiency evident during laboratory and flight testing (loosening of the
i press-to-vent assambly while securing the inlet gas line} is in need of correction through redesign.
Normal torgue applied to the supply line AN cap can cause system leakage, inadequate flow for nor-
mal sensor response and is believed to have caused the press-to-vent failure which resulted in a
plunger design change. An adequate means of securing wires and elimination of all epoxy and/or
RTV from the electronics card with the module are also desired.
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In conclusion, the performance monitor !s in need of major redesign. A new contract will
provide a performance monitor which will accommodate the problem areas discussed with Incor-
poration of the heater ECP and the appropriate filter/packaging modifications to Insure the suc-
cassful completion of all environmantal testing. The Statement of Work for this monitor is present-
ed in Appendix |1l Parallel to this effort, NAVAIRDEVCEN will also initiate exploratory develop-
ment (6.2) of alternate sensing concepts under the sponsorship of AIR-340B. This effort will
attempt to develop a monitor which is less susceptible to aircraft environments (no haeater, filters,
atc. required) than state-of-the-art methods and requires no calibration,

As oxygen concentrator performance will exceed the warning activation levels under operating
conditions of the AV-8A, the only concelvable event for warning activation at this time Is a con-
centrator rotary (control) valve stop, which will result in air as the breathing gas. An early warning
system, to be used in cenjunction with ¢he performance monitor and proposed by NAVAIR-
TESTCEN would be incorporation of a device for monitoring of pressure surges in the nitrogen ex-
Faust line, This device could also be incorporated In the bleed alr inlet line, as any time the rotary
v.. tops, pressuras in and out of the concentrator will be constant. Activation of a warning light
i -t to the concentrator motor drops to zero is another possibility, but not desired, as a struc-
tur railure could prevent rotary valve turning while current draw remains normal. This phenom-
enon was experienced at least once during the vibration program. Thus, the pressure swing concept
appears were dnsirable. A cabin located performance monitor s still necessary, however, to allow
warning in the event of fallures such as breathing gas supply line leaks, or periods when inlet alr
temperature may be sufficiently high at altitude to drop oxygen concentrations to warning level
but not high anough for high temperature warning activation (above 2560°F),

Aircraft Installation

Recent developments in hardwars configuration have enabled the highly desired return to the
“standard” Navy cockpit configuration. Under a NAVAIRSYSCOM contract with the Stencel Aero
Enginearing Corporation and the EAST/WEST Industries, a modified RALSA has baen developed
which improves pressure drop enough to return to the normal breathing gas circulit; l.e., from ship
supply through the RAI.SA, and to a chest mounted ragulator. Genera! moditications have included
redesign, or "“gutting out” of the RALSA manifold, redaesign of the four hoeses linking ship supply
to the breathing regulator with respect to inner diameter and quick disconnects, and improvernent
of regulator capacity with low inlet pressure. Laboratory testing has verified a performance which
even improves the maximum breathing gas capacity deliverable while utilizing alternate 2A (Per-
sonnel Hose Assembly). This scheme has resulted in an improved system which eliminates the com-
plexity and interface/support problems of Alternate 2A and its emergency system regulator. Air-
craft modification to this configuration is presently on-going with performance verification flight
testing to follow. OPEV AL will then be conducted on six AV-BA's incorporating this system.

Although this scheme has shown favorable preliminary results for incorporation on the AV-
8A/B/C, detailed analysis is required with respect to bleed air pressure available at ground idle with
utilization on future aircraft. Adequate ground level capacity with a two man aircraft (TAV-8) also
requires further analysis.

Maximum bleed air prassures available also remain an area of concern. Incorporation of & bleed
air regulator was deemed necessary as a means of limiting air flow through the heat exchanger (and
therefore temperature). Excessive pressures and/or temperatures, however, become critical at alti-
tude whan a high purity gas is required. Although AV-8B design studies show the possibility of
bleed air reguiator removal due to concentrator location (under the cabin} and lower bleed air
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temperatures, it is recommended that this regulator be retained until such time when safaty con-
siderations {bleed air pressuras to the breathing regulator) reach a high confldence level.

Iin conclusion, design studies should be Initiated on all OEAS candidate aircraft. All fiight

testing experience (data and Installation) complemanted with all laboratory performance data
should be analyzed in detall to insure an optimized OBOG System.
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APPENDIX A
CONCENTRATOR PERFORMANCE DATA

Oxvygen
Inlet Pressure Qutlet Flow Concentration

LPM

8 b 61.2

10 40.6

13.1 (1) 3b.6

18 317

26,2 (3) 288

35 270

50 26,5

62 244

9.3 B 704

(AV-8A Minimum) 10 48,7

13.1 38.8

18 339

26.2 3041

36 28.1

60 26.7

68 26.0

13.6 5 94,2

(AV-8A |dle Descent) 10 67.1

13.1 53.6

18 447

26.2 376

35 334

50 30.2

70 278

28 b 94,3

{AV-BA Maximum) 10 , . 93.0

13.1 91.4

18 76.6

26.2 58,2

36 60.0

50 42.2

70 36.6

45 5 94,4

10 94,0

13.1 93.1

18 88.0

26.2 72.9

3b 69.7

50 48.4

70 41.3

60 b 94.4

10 94.0

13.1 93.6

18.0 89.2

26.2 75.5

35 63.5

A-1
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Altitude
(KFT)
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[V

CONCENTRATOR PERFORMANCE DATA

Inlet Pressure QOutlet Flow

PSIGY TPMY

60
70
90 b
10
13.1
18
26.2
36
60
70
10 6
8.4 (1)
9.6 (2)

18.9 b
{AV-8A Minimum) 8.4

24.5 5
(AV-8A |dle Dascent) 8.4

28 5
(AV-8A Maximum) 8.4

A-2

Oxygen
Concentration

51.b
43.3
94.4
94.1

p3.8
91.5
82.9
71.4
b7.2
47.4
93.9
7.2
66.1

b2.6
46.3
44.1

37.6
34.6
93.7
94.3
94.2
88.4
72.8
65.2
54.4
46.2
38.6
33.6

93.4
94.1
94.2
941
87.8
78.1
63.2
53.4
43.8
37.4
93.4
94.1
94.2
94.4
83.4
89.1
71.2
58.3
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CONCENTRATOR PERFORMANCE DATA

Altitude {nlet Pressure
(KFT) (PSIG)
46
60
20 20
26.3

(AV-8A Minimum)

28
(AV-8A Maximum)

A-3

. —

s

Qutlet Flow
LPM

60
70

5

8.4

9.6
131
16.8
19.2
26.2
36
60
70

5

8.4

0.6
131
18.8
19.2
26.2

36
50
70
5.4 (1)
7.7 {2)
10.8 (3)
13.1
16.4 (4)
18

26.2
3b
50
5.4
7.7
10.8
131
15.4
18
26.2
36

Oxygen
Concuntration
(%

47.6
40.8
93.6
B4.2
943
94.86
94,3
93.6
B4.1
69.8
56.2
46.9
93.8
94.3
94.4
94,6
94.3
93.6
86.1
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CONCENTRATOR PERFORMANCE DATA

Inlet Pressure
°

28
(AV-8A Maximum)

46

60

20

26.1

A4

Qutlet Flow

18
26.2
35

Oxygen
Concentration

94.4
779
64.6
63.0
43.6
93.7
94.3
94.7
94.7
04.6
94.4
83.2
70.2
66.7
46.8
94.0
p4.3
04.7
94.7

94.6
94.4
89.1
78.8
64.3
63.56
94.3
94.4
94.7
94.7
94.5
94.4
89.6
82.0
67.9
56.8
92.9
93.5
93.7
94.4
94.5
04.2
834
65.2
92.9
93.3
83.6
84.3
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CONCENTRATOR PERFORMANCE DATA

Oxygen
Altitude Iniet Pressure Qutlet Flow Concentration
TKFT) “(PSIG P %
12.8 84.6
18 94.8
26.2 86.9
36 7.3
60 57.4
30 28 3.2 92.9
{AV-8A Maximum) B 93.3
6.4 83.6
10 84.3
12.8 24.6
18 84.7
. 28.2 88.6
36 74.7
£0 60.6
70 50.6
' 3.2 93.7
. 4b 6 93.8
6.4 B4.1
10 94.5
12.8 84.7
18 94.8
28.2 91.9
36 82.2
60 67.5
70 56.6
3.2 94.1
60 B 84.3
6.4 94.4
F 10 94.7
12.8 94.8
18 94.9
26.2 92.6
i 35 86.6
50 70.7
‘ 70 58.7
40 21.3 2.2 23.1
. (AV-8A Minimum) 44 83,6
6.0 83.5
10.0 04.5
131 94.7
18.0 94.8
26.2 87.9
36 746
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CONCENTRATOR PERFORMANCE DATA

Altitude inlet Prassure Outlet Flow

KFTT TIPSIGY L

26.7 2.2
(AV-8A idie Descent) 4.4

28.0
(AV-BA Maximum)

45 2.2

60 2.2

50 18.3 22(1)
{AV-BA Minimum) 4.4 (2)

A-6

_Qo.ncentratlon

Oxygen

93.2
93.6
893.6
94.5
94.8
94.8
88.2
76.4
61.5

93.6
83.8
93.8
94.6
94.8
94.9
89.1
774
62.9
62.6
94.1
94.3
843
94.8
96.0
95.0
92.1
84.5
70.0
57.6

94.7
94,7
94,7
856.0
850
96.0
929
86.9
71.7
59.4
93.1
93.3
93.3
943
94,4
84.4
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CONCENTRATOR PERFORMANCE DATA

Oxygen ;
Altitude . Inlet Pressure Outlet Flow Concentration
(KFT) (PSIG) (CPM) (%) ’
23.6 2.2 93.5
(AV-8A |dle Descent) 4.4 93.7
' 5.0 93.8
10.0 94.6
- 13.1 94.8
18 94.9 «
26.2 84.8
28 2.2 94.0
(AV-8A Maximum) 4.4 94.2
5.0 94.2
10 94.7
13.1 94.8
¥ 18 94.8
26.2 89.5
35 79.5
) 60 64.4
70 54.5
45 2.2 94.6
4.4 94.6
5.0 94.6
10.0 95.0
13.1 95.0
18 95.0
26.2 92.8
35 B4.6
60 AN
70 58.5
60 2.2 94.8
I 4.4 94.9
| 5.0 95.0
10.0 85.0
i 13.1 94.9
{ 18 94.7
. 26.2 929
35 86.2
i 50 73.2
70 60.4

(1) One Man Flowrate; Unpressurized Cabin
(2) One Man Flowrate; Pressurized Cabin
(3) Two Man Flowrate; Unpressurized Cabin
(4) Two Man Flowrate; Pressurized Cahin
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a. The Breathing Regulator as presently configured by Physical Configuration Audit: shall be
improved to meet the following acceptance requirements:

{1) The present Ragulator weight and dimensions shall not be in.. -.ed without approval
from NAVAIRDEVCEN.,

(2) The Regulator shali be capable of operating with inlet pressures and providing outlet
pressures and fiowrates to the aircrewman, utilizing the MBU- 14/P mask and hose assem-
bly, in accordance with Table 1.

TABLE
Inlet Supply Ambient Altitude QOutlet Pressure
Pressure (PS1G) Flow (LPM) (Feet) {in H20)

5 0t 75 Sea Level 00to 1.5
810120 0to 100 Saa Lavel 00to 1B
510120 0:0 100 30,000 00to 18
Bto 120 0to 100 34,000 00t 2.7
§to 120 0to 100 36,000 36to0 bb
B te 120 0to 100 40,000 80t0 106
6 to 120 0to 100 45,000 13.01t016.0
5t0 120 0t 100 50,000 16.0 to 20.0

b. Acceptance testing shall be on 100 percent cf all deliverable hardware in accordance with
contractor test procedure PD 1637503 {latest revision) and shall include:

(1) Visual examination,
(2} Qutlet praysurs test.
(3} OQverall leakage test.
(4) Demand valve leakage-outward test,

[ ITEM 0009 — Breathing Regulator (Improved) Performance and Environmantal Verification Tests
! — The contractor zhall provids environmental testing of the Breathing Regulator {Improved) as set
!' forth below:

a. The improved regulator shall pass the environmental tasts of Table |1} in accordance with
MIL-STD-810C and meet the performance requirements stated under | TEM 0008, para-
graph a above.

b. The improved regulator shall pass the performanco tests of Table IV and meet tha per-
formance requirements of I TEM 0008, paregraph a.

B-1
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BREATHING REGULATOR
STATEMENT OF WORK

ITEM 0010 — Refurbishment of Two (2} Verification Test Breathing Regulators (Improved) — The
contractor shall refurbish to '‘as-new’ condition two (2} of the Improved Breathing Regulators
used for the environmental testing of ITEM 0009,

Table 11
BREATHING REGULATOR ENVIRONMENTAL TESTS FROM MIL-STD-810C
Method No. and Test Procedure No. Additional Test Conditions
601.1 High Temperature I Operate in accordance with Table |

Il with 160°F amblept tempera- »
ture. Tolerance of 7Y o in. H20
added to outlet pressire |imits for !
all inlet prassures. Minimum outlat i
pressure of 0.0 in. H20 at sea level '
to 34000 ft. for all inlet pressures.

b 502.1 Low Temparature | Operate in accordance with Table

h Il with -65° amblent temperature.
Tolerance of fa in. H20 added
to outlet pressure limits for all inlet
pressures.

6503.1 Temperaturs Shock I Operate in accordance with Table |
I after exposure to -70°F to !
160°F. '

504.1 Temperature/ I, Equipment QOperate in sccordance with Table !
Altitude Category No. & Il. Tolerances for maximum oper-

. ating temperature shall remain as

h specified for Method 501.1; tol-
erances for minimum vperating
temperature shall be as specified for
Method 502.1. At the conciusion
of each step spacified at altituds,
outlet pressures in accordance

with Table || to be conducted
(from sea ‘evel to 50,000 ft.)

while maintaining the ambient
temperature specified. Maximum
non-oparating tempaerature, 186°F, .

507.1 Humidity H Operate in accordance with Table
Il after humidity exposure. The in-
let port to regulator shall remain
capped during humidity exposure, '
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BREATHING REGULATQOR
STATEMENT OF WORK

Table (11 (Continued)

Method No. and Test Procedure No. Additional Test Conditions
513.2 Acceleration I, {Structural Operate in accordance with Table
Test) Il after exposure. Vehicle cate-

gory-Carrier based aircraft. Max-
imurmn G level in all axes.

I, (Operational Vehicle category-carrier
Test) based aircraft. Maximum G level

in all axes. Operate during test
with inlet pressure 35 t 5 psig.
Outlet pressure O to 1.6 in. H20
measured during acceleration,

Table IV
PERFORMANCE TESTS FROM MIL-R-81553(AS)
. No. of Test
Test Additional Test Conditions Samples
Demand Valve Inlet Pressures of 5 and 120 psig. 3
Leakage
Body Leakage inlet pressure of 70 psig and outlst 3
capped. Bleed flow not to exceed 760
cc/min,
Overload Operate in accordance with Tahle |1 1
after completion,
Noise Level 30 psig and 120 psig inlet pressure. 1
Conduct prior to and after completion
of all environmental testing on one
unit. MBU-14/P mask and hose (GFE).
Endurance QOutlet pressure of 0 to 1.5 inches H20 1
during test. Operate in accordance with
Table Il after completion, Demand valve
and body leakage conducted after com-
pletion.
Vibration Outlet pressure of 0 to 1,6 inches H20 1
during test. Operate in accordance with
Table |1 after completion. Demand
valve and body leakage conducted after
completion.
Underwater MBU-14/P mask and hose utilized. 1
Breathing
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APPENDIX C

PERFORMANCE MONITOR
STATEMENT OF WORK

ITEM 0003 - Oxygen Monitar, Preproduction, Improved — The Contractor shall fabricete slghteen

(18) preproduction, improved OBOGS oxygen monitors as set forth below:

d.

The oxygen monitor as prasently configured by Physical Configuration Audit shall be
improved to meet the following performance requirements.

(1)

(2)

(3)

(4)

(5)

(6)

(7)

The monitor size and welght shali be increased only to the extent necessary to ac-
commodate an electric heater and control to maintain suitable sensor operating
temperature during low temperature operation, and to accommodate additional re-
quirements for salt fog, dust, rain, and EM| protection. NAVAIRDEVCEN approval
is requirad for ail dimenslonal and mass increasss,

The monitor shall be capable of operating between an inlet air pressure range of 4
psig to 25 psig, with a flow rate between 0.2 lpm and 1.0 Ilpm (0.007 ¢fm to 0.036
cfim) respectively, at ambient temperature and pressure. Flow rate with an inlet
pressure of 70 psig shall not exceed 2.0 Ipm. The monitor shall be capabie of with-
standing a static inlet pressure of 75 psig without damage.

The monitor shall be capable of activating an existing remote warning light when
the partial pressure of oxygen falls below 220 £+ 10 mm Hg (B.66 % 0.39 in Hg). In
the activated mode, the monitor shall be capable of carrying a rnaximum current of
1 ampere. The monitor shall operate with 28 volt DC power in accordance with
MIL-STD-7048.

The hysteresis exhibited between the warning on level and the warning off ievel
{that is, the polint at which the light is activated on with decreasing oxygen partial
pressure and off with increasing oxygen partial pressure) shall be equivalent to no
more than a 20 mm Hg (0,79 in Hq) partial pressure change in oxygen concentra-
tion. The same hysteresis condition shall not be exceeded when sea level oxygen
concentration activates an on signal until a higher concentration causes an off
signal,

Outward leakage with b psig internal pressure and the altitude compensation valve
sealed shall not exceed 0,010 Ipm (0.00035 cfm).

The monitor shall have a press-to-vent button in the inlet port fitting. With 100
percent oxygen supplied at an inlet pressure of 7 + 1 psig and whaen holding the
press-to-vent button down (open), the decrease in partial pressure of oxygen shall
illuminate the warning light (drop tc 220 t 10 mm Hg) within 20 seconds. Upon
releasing the button (vent closed), the warning light shall extinguish within 16
seconds.

Operation at altitude — The sensor cavity shall be limited to an altitude of 28,000
t 400 feet when exposed to any altitude from 28,000 to 60,000 feet. The monitor
with 200 £ 10 mm Hg, 07 partial prassure in sensor cavity, shall activate the warn-
ing signal when tested at altitudes of 10,000, 20,000, 28,000, 30,000, 40,000
and 50,000 feet.
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PERFORMANCE MONITOR
STATEMENT OF WORK

ITEM 0004 — Oxygen Monitor (Improved) Performance and Environmental Verification Tests —

The Contractor shall provide environmental testing of the Oxygen Monitor {Improved) as set forth
below:

a. The improved monitor shall pass the environmental tests of Table | in accordance with
MIL-STD-810C and meet the performance requirements stated (ITEM 0003 paragraph
a.). The performance requirements listed {ITEM 0003, paragraph a.) shall be conducted
before each environmental test (as applicable), and shall meet the specified perform-
ance requirements after each environmental test. In addition, the monitor shell show no
deviation in calibration point beyond specified tolerances (with 100% oxygen) and shall
show no structural crack, deformation or distortion after each environmental test. Three
{3) of the monitors produced shall be used by the Contractor to perform the testing of
Table | In his plant or his designated test facility. The testing shall be monitored period-
ically by a NAVAIRDEVCEN representative in addition to normal DCASMA inspection.

Table |
OXYGEN MONITOR ENVIRONMENTAL TESTS FROM MIL-STD-810C

Method Number and Test | Procedure No, Additional Test Condition

501.1 High Temperature " Operational test (performance require-
ments) with 160°F ambient temper-
ature.

502.1 Low Temperature i Operational test (performance require-

ments) with -656° F ambient temper-
ature. Unit shall not be supplied with
electrical power or inlet gas when at
-70°F storage temperature. After
exposure to unpowered low temp-
arature conditions and prior to op-
erational tests, setting of sensor gain
shall be permitted.

503.1 Temperature Shock I Operational test (performance require-
ments) after exposure to -70°F to
160°F, Unit shall not be supplied with
electrical power or inlet gas during
test. After the 24 hour axposure and
prior to operational tust, setting of
sansor gain shall be parmitted.
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PERFORMANCE OF WORK

STATEMENT OF WORK

Table | (Continued)

Method Number and Test Procedure No, Additional Test Condition
504.1 Temperature |, Equipment With any test at altitude other than ses
Altitude Catagory 5 level, operation at altitude test to be

6506.1 Rain

507.1 Humidity

509.1 Salt Fog

510.1 Dust

513.2 Acceleration

conducted at 28,000, 30,000, 40,000
and 50,000 feet. Maximum operating
temperature 160° F, Maximum non-
operating tempurature 185°F with
sensor tip removed. Unit shall not be
supplied with electrical power or inlet
gas during any non-operating step.
Aftar exposure to unpowered low
temperature conditions and prior to
operational test, satting of sensor gain
shall be permitted.

H Inlet port capped during exposure.
Unit not energized with gas or power
during exposure, Operational tests
(performance requirements) con-
ducted after exposure,

I Inlet port capped during exposure,
Unit not supplied with gas or power
during humidity exposura. Operational
Tests (performance requirements)
conducted after exposure.

| Unit not supplied with gas or power
during salt fog exposure. Monitor inlet
pnrt capped during exposure. Oper-
ational tests (performance require-
ments) conducted after exposure.

| Unit not supplied with gas or power
during dust exposure. Monitor inlet
port capped during exposure, Oper-
ational test parformance require-
ments) conducted after exposure.

|, (Structural Operational test (performance require-
test) ments} conducted after exposure.

Vehicle categery-carrier based aircraft.

Maximum G leval In all axes.
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PERFORMANCE OF WORX
STATEMENT OF WORK

Table | (Continued)

Method Number and Test

Procedure No. Additional Test Condition

6514.2 Vibration

61€.2 Shock

518.1 Temperature-

Humidity-Altitude

11, {Operational | Operate, unit supplied with 28 VDC

test) and 100% oxygen. Qutput voltage shall
remain within the specified tolerances
during exposure. Vahicle category-
carrier based alrcraft. Maximum G
level in all axes, Operational tests (per-
formance requirements) conducted
after exposure.

IA, Equipment Functional level, 1 hour per axis,
Category b.2 Wo = 0,04 G2/Hz. Unit supplied with
28 VDC and 100% oxygen at 25 psig,
QOutput voltage shall remain within
specified tolerances during exposurs.
Endurance level 1 hour per axis,

Wo = 0,2033 G2/Hz. Unit is non-
operating condition during endurance
test. Operationial tests (performance
requirements) after all vibration.

i Basic Design test. Peak value 20 G
nominal duration 11 ms. Non-opera-
tional during exposure. Operational
tests (performance requircments) after
18 shocks.

] Transit Drop Test. Non-operational
during exposure. Operational tests
{performance requirements) conducted
after drop tests.

| Monitor iniet capped during exposure.
Unit shall not be supplied with power
during exposure. Operational test {per-
formance requirements) conducted
after exposure. After exposure to un-
powered low temperature conditions
and prior to operationa! test, setting of
sensor gain shall be permitted.
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PERFORMANCE MONITOR
STATEMENT OF WORK

ITEM 0004 — Oxygen Monitor {Improved Performance and Environmental Verification Tests

{cont'd)

b.

The improved monitor shall meet the electromagnetic interference (EMI) requirements
of MILL-STD-461B for Category A1b of class A1 equipment as measured in accerdance
with MIL-STD-462, Tests for the following emission and susceptibility requirements
shall be condiicted:

CED1

CEO3
CEO7
Cs01
€s02
Cso6
REO1
REO2
RS02

RSO3

Conducted Emissions, Power and Interconnecting Leads, Low Frequency (up
to 15 kHz},

Conducted Emissions, Power and Interconnecting Leads, 0,015 to 60 MHz.
Conducted Emissions, Power Leads, Spikes, Time Domain,

Conducted Susceptibility, Power Leads, 30 Hz to 50 kHz,

Conducted Susceptibility, Power Leads, 0.06 to 400 MHz,

Conducted Susceptibility, Spikes, Power Leads.

Radlated Emissions, Magnetic Field, 0.03 to 60 kHz.

Radiated Emissions, Electric Field, 14 kHz to 10 GHz.

Radiated Susceptibility, Magnetic Induction Field, Spikes, and Power Fre-
guencies,

Radlated Susceptibility, Electric Field, 14 kHz to 40 GHz. Field intensity
200 volts/mater,

The taests shall be conducted at sea level in three modes. Mode 1 will test the monitor
with the warning light activated (unit supplied with air at 26 psig). Mode 2 will test
the monitor with the warning light off {enriched air (36% oxygen) at 25 psig) and mode 3
during switching {on/off) as applicable,
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